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X HE prefent publication owes its origin to thfl 
" lUuftratioiis of the Huttonian Theorj of the 
Earth," by Profeflbr Playfair. In that work this 
theory is fo ably fupported, its principles are 
placed in, fo advantageous a point of view, the 
arguments which appear to favour it are fo 
forcibly urged, and objections fo ingenioufly, 
and often fuccefsfully obviated, that it has given 
to the difcuffion of this fubjeCi;, an intereft and 
form in a great meafure new. To the Author 
of the prefent treatife, the Huttonian doflrines, 
whatever may be their ingenuity and novelty, 
appear vifionary and inconfiflent with the phe- 
nomena of Geology; and to a defence of them 
fo able, and fo well calculated to convey a fa- 
vourable impreflion of the general fyHem, he 
has been induced by that intereft which every 
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one feels in the opinions he believes to be juft, 
. to endeavour to reply. Although, oppofing the 
Huttohian Geologifts, be has been anxious to 
avoid that fpirit of hoftility which too fre- 
quently pervades controverfial writings : he 
has wilhed to ftate the arguments-on both fides 
without partiality, and to reft the defence of 
the theory he fupports on its intrin fie worth. 

It will be admitted, that there are few que- 
ftions more calculated to intereft the fpeculative 
inquirer, or more fafcinating, from the grandeur 
and novelty of the objeds it brings before the 
mind. Nor can it be faid to promife nothing 
but the gratification of a vain curiofity. The 
maxim is too well eftabliflied by the hiftory of 
fcience to require proof or illuftration, that the 
confequences which may refult from any phy- 
fical difcovery can never be forefeen, and that 
no inveftigation can be deemed unprofitable, 
Ayhich may add to our knowledge of nature. 
A perfeft Theory of the Earth, were it efta- 
blilhed, would undoubtedly admit of the mod 
important applications j and a fucceflSion of 
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theoretical difcuffions liiay not lefs contribute to 
its attainment, than the accumulation of fads« 
Syftems, fays a geological writer, are in the . 
fciences what the paffions are in the human 
mind : they may be the fource of great errors, 
but they are the caufe alfo of great exertions. 
Either in defending or oppofing them, it is neceC 
fary to obferve with accuracy, to compare and 
generahfe ; objeds apparently minute, acquire 
an intereft and importance ; views are fuggeft- 
ed which often lead to real acquifitions ; fadls 
are arranged which would have remained ifo- 
lated ; and relations traced which would not 
have been obferved* 



Edinburgh, December S. 1802. ^ 
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INTRODUCTION. 



X HE objed of Geology is to unfold the ftnidlure 
of the globe, — to difcover by what caufes ks 
parts have been arranged, — from what operations 
have originated the general ftrafification of its 
materials, the inequalities with which its furface 
isdiverfified.andtheimmenfe number of diflerent 
fubftances of which it is com^ofed. 

Refearches of this kind have by fome been 
deemed ufelefs, from the fuppofition that their 
objedls cannot be attained. We know not the 
hiftory of the revolutions of the globe, bui we 
find every where indications of their vafl mag- 
nitude and antiquity. We have the moil unex- 
ceptionable proof that its whole furface has been 
li 
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covered with the ocean, and that every part of 
it has fufFercd change: mountains have been 
raifed, plains levelled, iflands feparated from con- 
tinents, and the waters colleded fo as to leave an 
elevated land. We find it difficult even to con- 
ceive caufes adequate to the produftion of fuch 
effefts ; and operations fo immenfe feem too re- 
mote, from any means of inivbftijgation we poiTefs, 
to admit of being explained. 

The reply which may be given to obfefvations 
of this kind is fatisfadory. In any fubjed what- 
ever, where the media of proof by which a pro- 
pofition is to be eftablilhed, are imperfedly 
known, and where the propofition itfelf is remote 
from the morie familiar objeds of obfervation 
iatid refearch, to invefti^tc it is alwajrs cohfider- 
ted &s itnpradicable ; and the attempt it treati&d 
*s vxfionary, until it be crowned with fucctefr. 
He who knows not theiaAs of gcoldgy, and the 
evidence they afford, may be difpofed to deride 
its pretentions and diftruft its coHclufions : but 
Ti more intimate acquaintance with the fubjed, 
* or eve'n a moderate knowledge of the progrefs 
of fcience, will teach us to rejeft fuch narrow 
views. .Queflions apparently not more within 
'tbe reach <)f in veftigatioh hkvebden completely 
folVed; atld nian who has 'ftreighed the planets, 
and meaftired their diftaitees, may prefume to 
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trace the operations by which the furfece of the 
globe has been arranged. 

On making a nearer approach to what at a 
diltant view appears fo difficult, we find that the 
path we have to puifue is even traced out ; that 
our inveftigalions arc dirctfted by fads which 
derive not their fupport from theory, but are 
eftablirhed by the clearell evidence. It is prov- 
ed that the whole furface of the globe has at 
one period been in a fluid ftate, and that from 
this has originated its prcient arrangement. It 
is certain that this fluidity mull have been ef- 
ftfted by the operation either of fire or of fome 
folvent. In our farther refearches, therefore, 
we are nearly limited to the inquiry, by which 
of thefc means this efTecl has been induced ; and 
from the faiSs which apparently are within the 
reach of difcoyery, we need not defpair of folv- 
ing the problem. The effedts of fufion, and of 
folution, are in general fo very dilEmilar, or 
at lead the peculiarities of their aflion are fo 
well marked, that from an attentive examina- 
tion of the properties of minerals, and of the 
flrufture and pofition of the great mafles of the 
globe, we may hope to difcover to which of thefe 
they owe their origin and arrangement ; and if 
this difcovcry be eftabliflied, the labours of 
geologifts will be confined to tracing the opera- 
B z 
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tion of this agent in producing the phenomena 
obferved. Their explanations may at firft be 
imperfe<3:,and their indudions require to be often 
correfted; but ftill fuch invelligations mull con- 
tribute to the real progrefs of the fcience, and 
may at length eftablifh a perfedl theory. 

The fad which has been ftated as the bafis of 
all geological inquiries, — that the furface of the 
globe has been in a fluid ftate, is eftablifhed by 
very ample evidence. In the greater number 
of the ftrata of the earth, in the moft elevated, 
as well as in tbofe at the greateft depths, fub- 
flances are found in a cryflallized ftate; and even 
many of thefe ftrata have marks of cryftallization 
in their entire ftrudure. Cryftallization is the 
arrangement of the particles of a body in a re- 
gular determinate form ; and it neceflarily im- 
plies a previous ftate of fluidity which would al- 
low thefe particles to arrange themfelves in po- 
rtions neceflary to produce thefe forms. Many 
of the moft folid ftrata contain in their fubftance 
remains or impreffions of animals and vegetables; 
and it is obvious, that to admit of the introduc- 
tion of fuch fubftances, they muft at one time 
have been, if not in a perfedly fluid, at leaft 
in a foft or yielding ftate. Laftly, the ge- 
neral difpofition of the materials of the globe, 
fp far as has been explored, muft have arifen 




from fluidity, as this only could have arranged 
them in beds or ftrata parallel to each other, 
and preferving that paralleliftn to a great extent. 
Thefe appearances are not partial : they extend 
to the whole furface of the earth, and indubi- 
tably prove its former fluidity. 

It is obvious that fluidity can be fuppofed to 
be produced only in two modes. Either the 
folid matter rauft have been fufed by the adtion 
of heat, or it mull; have been diflblved in fome 
fluid. Thefe are accordingly the primary pro- 
pofitions of the different geological theories that 
have been advanced. Some have fuppofed the 
furface of the globe to have been foftened oc 
melted by the operation of fire ; others have 
afcribed the fluidity it niuft once have had, to 
folution; and as there is no fluid in fufficient 
abundance to have afted the part of a folvent 
of a quantity of matter fo large, except water, 
aqueous Jbhtion has been adopted as the caufe of 
the original fluidity of minerals, in oppofition 
to igneous Jujion. 

Thefe oppofitefyflems have been dillinguiflied 
by the fanciful appellations of the JUutoiiie and 
the Neptunian. It would be a fuperfluous tafli 
to examine the different modifications of them 
that have been propofed, Of thofe whiqh 
afcribe the formation of minerals to fufion, it 

B3 
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"win probably be admitted that that advanced by 
Dr. Hutton is fuperior to any in the extent and 
connexion of its principles, and in the adapta- 
tion of them to the explanation of the pheno- 
mena. It will therefore be fufficient to com- 
pare the Huttonian theory with the moderi^ 
Neptunian fyftem. 



i^fmmnKmtssxm^a^Bssii 



PART I. 



Statement of the liuttonian ^nd Nepfunian 

Theories. 

J. HE fyflem which Dr. Hutton has traced of 
the formation of the ftrata of the globe, is cgl- 
culated to captivate the imagination by its 
grandeur, and by the appearances which it ex-» 
hibits of regularity and defign, It prefentSir a 
feries of changes, each following from, or con- 
]:ieded with the other, and fo nicely adapted, 
as to be apparently capable of being carried on 
for an unlimited time. It is claimed as its pe- 
culiar excellence, ** That it afcribcs to the phe- 
f* nomena of geology an order limilar to that 
*' wliich exifts in the provinces of nature with 
^* which we are beft acquainted; that it pro- 
'* duces feas and continents, not by accident^ 
*-• but by the operation of regular and uniform 
'' caufies ; that it makes the decay of one part 
^* fubferyient to the reftoration of am^thcr j and 

B4 
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•• gives ftability to the whole, not by perpetuat- 
*' ing individuals, but by reproducing them ia 
" fucceffion *." 

Dr. Button conceives that in this globe there 
is a fyftem of decay and renovation, and that the 
proceffcs by which thefe are efledled have an u- 
iilform relation to each other. The folid matter 
of the earth is of fuch a nature that it muft ba 
wafted by the powers which continually operate 
upon it. The hardeft rocks are worn down by 
air and water ; caufcs which, however flowly 
they may operate, are conftant in their aftion, 
and which therefore, in indefinite time, muft be 
equal to the produdion of the greateft eSeQ:, 
From the figure of the furface of the earth, the 
decayed materials muft be carried towards the 
OQean, and ultimately depofitcd in its bed. 
Though this traniportation may be impeded by 
local caules, or may in geneial be extremely 
flow, yet from the declivity of the land it mul 
necefiarily take place, and may therefore be ad- 
mitted as an uniformly operating caufe. 

It is farther afliimed, that at jjreat depths in 
the mineral regions an immenfe heat isconftantly 
prefent, and that this heat operates in the fulion 
and confolidation of the fubftances depofitcd in 
thefe regions. It is to the adioo of this fubter- 
yaneous Lre that the formation of all our ftcata 

* ' f lUuflratioEsoflhcHuttonianThcorj, p. 115. 
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Is attributed. They confift of the wrecks of a 
former world, which have been more or lefs per- 
fedlly fufed by this agent, and by fubfequent 
cooling have been confolidated. 

The fubterraneous fire to wliich Dr. Hutton 
afcribes thofe effefts, he conceives to operate at 
the fame time under a particular modifying cir- 
cumftance, which gives a peculiar charaifler ta 
his fyftem, and frees it from many objeflions 
which were unanfwerable in former hypothefes 
of a fimilar kind. This circumftancc is com- 
preflion. The fubterraneous fire being placed 
at immenfe depths, the fubftances on which it 
operates muft be under a vaft preflbre. This 
will prevent their volatilization in whole or in 
part ; and from this circumftance it is poffible 
to explain appearances in minerals, and qua- 
lities they poirefs, which would otherwife appear 
inconfident with the fuppolition of their being 
formed by fire. 

The laft part of the Huttonian doflrine is 
that which regards the elevation of the Arata 
which have been thus formed ; and this likewife 
is I'uppoled to be the effed of fubterraneous heat. 
Its expanlive power mufl occafionally be exerted 
■with very great force ; and h is inferred that 
this mull have been the caufe which elevated 
thefe ftrata, becaufe no other can be afligned 
adequate to the produtSion of this efTeft. 
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of a complete fyfteni, it would be more likely 
to poffefs the (lability of truth. 

Such ftriif): and cautious ind^^on, bowerer, 
is not calculated to fatisfy the inquiries of the 
theoriil. It is perhaps neceflary to complete 
the fyllem ; not merely to rell fatisfied with the 
proof that minerals have been formed by folo- 
tion, but to attempt to fhow how this folutioD, 
and the fubfequeot confohdation from it, have 
been effeded. At leaft, in the prefent difcuf- 
fion, this is doing juftice to the Huttonian The- 
ory, as placing both on equal ground. 

It may be obferved, however, in proceeding to 
the ftatement of that modification of the Neptu- 
nian fyllem which is generally received, that its 
author, Werner, has not indulged in hypothefis, 
but has approached as nearly to an induclion of 
faifts as the fubjeft admits. From the jiofltions 
and conneclions of the llrata, he finds reafon to 
conclude that they have been formed by water. 
Prom their relative lituations it is evident that 
forae have been formed prior to others, and this 
priority of formation he endeavours to trace and 
generalife. And, laftly, from their flrudure it 
is apparent that feme have been chemical, o- 
thers mechanical depofiis, diftinclions which of 
courfe ought to enter into the fyllem. 

The firft principle, then, of the Werncrian 
theory is, that the materials of which our ftrata 



I 



I 



[ 13 ] 

oonfift were at one period diflblved or fufpend- 
ed iti water, and that from this fluid they had 
fucceffively confolidated in various combina- 
tions, partly by cryftallization, and partly by 
mechanical depofition. Granite being the rock 
which corapofes the moft elevated part of the 
globe, and which Lkewife forms the bafis on 
■which the greater number of the ftrata reft, is 
fuppofed to have been firfl: formed, the different 
jparts of which it confifts, felfpar, quarti, and 
mica, having concreted by a cryftallization near- 
ly fimultaneous. This was accompanied and 
followed by the iimilar confolidation of the o- 
ther primitive ftrata, gneiss, micaceous fliiftus, 
argillaceous fhiftus, porphyry, quartz, &c. 

Thefe rocks compofe the chief elevations of 
the globe. They are never found to contain 
any organic remains, and of courfe their forma- 
tion muft have been prior to the exiftence of the 
vegetable and animal kingdoms. 

From the period of the formation of thofe 
ftrata, it is fuppofed that the water covering the 
furface began to diminifti in height, by retiring 
gradually into cavities in the internal parts of 
the earth. During this period, other precipita- 
tions, chiefly chemical, but in a' few cafes part- 
ly mechanical, continued to take place. Thefe 
formed what Werner terms the intermediate 
ftrata, or ftrata of tranfttion, of which fome va- 
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riaties of liineflone, (hifius, and trap, are the 
principal. They are incumbent on the pri- 
mary, and fometimes, though rarely, contain 
petrifadtions ; a proof, however, that organiia- 
tion, or at lead the exillence of marine animalt, 
had commenced with their formation. 

The diminution of the water ftill continued 
to proceed, and by the mechanical aflion of its 
mafs on the ftrata formed, it occafioned in them 
a partial difiniegration. The materials from 
this fource, together with the remaining part of 
the matter originally diffblved, by their precipi- 
tation and confolidation formed what are nam- 
ed the fecondary ftrata, or the ftratified rocks, 
fandftone, limeftone, gypfum, pudding. ftonc, 
fome varieties of trap, and various others. Thefe 
are of a height much inferior to the former. 
JTrom the predominance of mechanical depofi- 
tion, they are arranged generally in horizontal 
beds, and they are abundant in organic re- 
mains ; a proof of their formation being pofte- 
rior to the full developement of the animal and 
vegetable kingdoms. 

Of thefe different formations the whole fur- 
face of the globe is formed, at lead with the 
trivial additions of the products of volcanic fire, 
and the alluvial beds of fand, clay, and foil, a- 
rifmg from the wafte of the ikata by the waters 
which run over them. 
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During the confdlidation of thefe ilrata, rents 
happened in them, by which cavities of very 
various dimenfions were formed. Into thefe 
the water, holding various matters in folution, 
gained accefs, and hence the formation of mine- 
ral veins. 



Such are the fyftems which we have to com- 
pare. In the examination of them, we may 
confider them under the following divifions : 
Firft, we may inveftigate the probabihty of 
their principles, and the objeftions to which 
thefe, a priori, are liable : And, fecondly, we 
may inquire how far they derive fupport from 
the ftrufture and arrangement of the furface of 
the globe, and from the appearances which mi- 
nerals adually exhibit. 



PART II. 



<y tbe prohtAiRty of the Tirft Principles of i 
Hutttmian and Neptunian Theories. 

X HE lird of the feries of Aippo(]tions wbicb 
compare the Huttonian theory is, that the ftrata 
which form the furfacc of the globe, are, from 
tbe nature of tbetr coniHtution.and the conflant 
operation of the agents to which they are ex- 
pofed, liable to decay ; that by being worn down 
and tranfported to the fea, they furniih mate- 
rials for new ftrata to be formed and afterwardsj 
elevated ; and that from the decay of a formei 
world our ftrata have originated. 

To part of thefe fuppofttions fewer valid ob-' 
je£iions perhaps can be made than to any of the 1 
other principles of the Huttonian fyftem. It 1 
feems to be a neceflary effedl ariling from the I 
nature of the folid mateiials at the furface of J 
the globe, that they muft be wafted by thotJ 
powers which a£t upon them ; and many fa£tt J 




heuve been ftated, which eftabUdi fuch a difiritc- 
gration. The immenfe beds of fund and gravel 
which are found even in elevated fltuations, af- 
ford in particidar a clear proof of this kind, fince 
fuch fabftances muft evidently have been form- 
ed from the wafte of foUd rocks, and the attritioa 
of their fragments. 

Fai3s have, however, likcwife been ftated in 
oppofition to this principle. Rocks ofbafaites* 
and of many kinds of granite, it is obferved, fuf- 
fer fcarceiy any decay, as is evident from the 
iharpnefs of their angles. And from the tefti- 
mony of hillory, we have it in our power to af* 
certain, that in many places rocks of this kind 
occupy the fame funation which they did two 
thoufand years back. Thefe, and firailar fafls, 
however, are to be regarded as exceptions to the 
general law ; or rather, they ferve to prove, that 
, in fuch rocks the difincegration is extremely 
flow. It feems fcarceiy poflible to deny but 
that it muft take place to a certain extent; and 
as the operations fuppofed in the Huttonian fyf- 
tem are unlimited as lo time, it would be in vain 
to conteil ihe principle afllnned. 

It has aifo been queflioned, whether the ma- 
terials worn down, and conveyed by the rivers, 
are carried into the depths of the fea. It has 
been alleged, that the greater part of the matter 
thus conveyed is thrdwn by the returning tide 
C 
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which they had originated. It is alfo obferved,-^ 
that in many of the rnoft extenfive ftrata of the 
earth, remains or imprelhons of organic fub- 
ilances are found, both animal and vegetable, 
and of courfe thefe muft have exilled prior to 
(be formation of fuch ftrata. 
\ . Thefe facls are confidered by the Huttonian 
geologifl: as fufficieot proof of the exifteiice of a 
habitable world, from the decay of which oiuts 
has been formed. They are however equally 
well accnunted for by the Neptunill, without 
admitting fuch a fuppofition. It is fuppofed that 
lire exiftence of marine animals commenced af- 
ter the cryftallization of the great primary ftra- 
ta; and that after that period too the waters of 
the ocean began to diminini in height, fo as to 
leave elevated land, on which vegetation com- 
menced. The retreat of the ocean continued 
to be gradual for many ages, and during this 
time the fecondary ftrata were formed, It is 
obvious, therefore, that the fragments of rock, 
the fand and gravel which thefe often contain, 
or with which they are aflbciated, or which even 
in many cafes compofe the greateft part of 
their mafs, might originate from the difintegra- 
tion of the primary ftrata above the level of the 
fea; a difintegration to which, in this early pCi- 
riod of their confolidation, they might even be 
more liable than they now are. And the origin 
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of the remains of marine animals, and even of 
vegetables, found in the fecondary rocks, it is 
obvious are equally well accounted for on this 
theory, fince the esillence of thefe may have 
begun previous to the formation of thefe ftrata. 
The fads, therefore, do not prove the hypothe- 
.fis of Dr. Hutton, fincc on a different hypothefis 
they are explained with equal facility. 

It has been aiBrmed, however, that the fame 
appearances of fand and gravel, and of marine 
impieflionE, sre occafionally to be met with in 
the primitive itrata, and that of couvfe the Wet- 
□erian explanation is defeflive ; for marine ani- 
mals are not fuppofed to have exilled at their 
formation ; and it is obvious that the prefence 
of fand and gravel are true indications of ilrata 
having exirted before them. 

But it is afferted, on the other hand, by Nep- 
tunian geologifts, that fuch appearances are not 
< to be met with in ftrata truly primitive, but that 
when they do occur in tlrata not of the fccond- 
»ry clafs, it is in thofe of the intermediate kind, 
or what Werner terras the rocks of tranfition. 
Thefe, it will be recollecled.are fuppofed to be pof- 
terior in their formation to the primary, but prior 
to the fecondary ftrata, and to have been formed 
at that period when the exiltence of marine ani- 
mals, or at leaft of Tome fpecics of them, had com- 
menced ; and of courfe they may occafionally 
C 3 
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be found with imprenions or remains of thefit 
beings. This fuppoiition is liable to no diffi- 
culties, and feems to follow juftly from the fuGts. 
Since certain rocks, having peculiar chara^ers, 
and compofing the moft elevated parts of the 
globe, are found deditute of organic remains, 
while in others they are abundant, does not this 
afford a prefumption, that the former hud been 
produced prior to the period when thefe beings 
began to exift ? And if rocks are found inter- 
mediate in their charadters between thefe, con- 
nedted principally with the primary, but in ge- 
neral lefs elevated, and fomelimes, though rare- 
ly, containing vefliges of fea animals, is it not 
xeafonable to believe that thefe have been inter- 
mediate in their formation, and that at leaft thoi 
few fpecies of thofe animals, whofe remains ar| 
found in them, had begun to exift at the tim 
they were formed? 

It will be found that fuch a fuppofition ac 
cords much better with thefe phenomena, and] 
affords a more fatisfaftory folution of them than I 
the hypothefis by which they are explained in 
the Huttonian fyftera. According to that fyf- 
tem, all the ftrata, both thofe termed primitive 
as well as thofe named fecondary, have been 
formed from materials depoficed at the bottom 
of the ocean from the wrecks of a former world. 
They ought therefore all equally to coritain oiy;] 




game remains and impreflions; and it remains 

to be accounted for wliy thefe ihould be entirely 
wanting in many of the ftrata, us in gneifs, or 
micaceous (liiftus, while they are prefent in 
ethers. There is only one fuppofition by which 
this can be attempted. It is, that the former 
ftrata have been in more complete fufion than 
the latter, and that thus by the more incenfe 
heat, thefe remains, or the impreffions of iheui, 
have been deftroyed. But the explanation is 
contradifted by the appearances of thefe ftrata, 
the marks of fufion being frequently as com- 
plete in thefe which contain fuch remains, as in 
thofc which do not. Thus there are many lime- 
flones and marbles containing Ihells, in which 
the fparry ftruifture is as perfefl: as it is in the pri- 
mary limeftone, and in which are even dirtributed 
veins of cryftallized carbonate of lime; and in 
the tranfitive hmeftone.the parts which contain 
no marine impreffions have no marks of more 
perfeft fufion than thefe parts in which they are 
prefent, nor indeed is there any difference be- 
tween them. In like manner, the primitive 
ftiifius, which has no marks of foreign bodies, 
has no appearances of more complete fufion 
than the fecondary fliiftus, in which vegetable 
impreffions are abimdant. The fuppofition, 
therefore, of llie Huttonian geologift to account 
for the abfence of organic remains from theft 
C4 
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ftrata,is not merely hypothetical, but inconfiftent 
with the phenomena, while that of the Neptunift 
is fo probable, that it fevrms to follow ^s a coroJU 
lary from the fadb. 

The Huttonian explanation does pot derive 
more fupport from the other general fadl that 
has been dated in proof of the produdion of all 
our ftrata from the wrecks of a former world, 
-—the aflbciation of breccias, of fand or gravel 
with the primary rocks. Several inftances of 
this kind^ ftated by Profeflbr Playfair are ex- 
tremely doubtfijil. But granting that there are 
fuch appearances which cannot be difputedf 
they are eaiily explained.' It is obvious that on 
the gradual retreat of the fea, which happened 
after the formation of the primary rocks, the 
mod elevated would firft be left bare; and when* 
ever this happened, the mafs of water would be- 
gin to adl upon this dry land, and opcafion in 
it difintegration. It is even reafonuble to be- 
lieve, though it is not neceflary to make the fup- 
poGtion, that this difintegration would proceed 
more rapidly immediately after their confolida- 
tion than when they had been more fully har- 
dened by time. Whether this were the cafe or 
not, fragments of the elevated rocks muft have 
been worn down into fand, gravel, &c. and by 
the diredion of currents, banks of thefe might 
\^ depofifed among the exifting^ or forming 
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^ta, and might cither, according to circuol 
fiances, be left in a loofe ftate, or be confoii- 
dated by the depofiiion of ih' matter fUil dif- 
folved or fufpcnded in the fluid. There is no 
difficulty therefore attending the fad, that fuch 
coiledions are found in the tranfitJve, or even in 
the tmly primitive (Irata, nor does it eftablifh 
the conclution that fuch ftrata had originated 
Scam the wafte of older continents. 

There is even a particular phenomenon in 
this part of geology, very general in its occur- 
rence, which admits of a natural and fatisfac- 
tory explanation from the Neptunian theory, 
while it requires the moil extravagant fiippofi- 
tion when confidered according to the principles 
of the Huttonian fyfteni. The appearance is 
that of a bed of breccia incumbent on the pri- 
mary ftrata, and covered by one or other of the 
fecondary ftrata. Over the vertical ftrata, for 
example, of the primary Ihiftus, there is fre- 
quently a bed of breccia, compofed of fragments 
of rocks confolidated by fume cement ; and over 
this bed is a ftratum of fandrtone or limeftone. 
According to the Neptunian theory, the expla- 
nation of this is very eafy. Of thele the Ihiftus, 
from its pofition, it is evident muft have been 
firft formed : other primary rocks, however, had 
been formed at a ftill earlier period, and in po- 
fitions more elevated. As the fea retreated 
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thefe would be left bare, and by their difinte* 
gration- would afford the fragments which, de- 
pofited on the lower fhiftus, formed the breccia; 
and this again, before the retreat of the fea was 
completed, fo as to leave it expofed, might bo 
covered by a depofit of fandftone or limeftone. 
The explanation, according to the Huttonian 
hypothefis, involves a fuppoiition fo extraordi- 
nary as to furnifh a fiogular contrail with that 
of the Neptunian. It is fuppofed * that the 
ihiftus had been formed in beds nearly horizon* 
tal, and that by an expanfive power exerted 
from beneath, thefe had l)een elevated to the 
furface, and placed in a vertical poiition. In 
this fituation, the bed of gravel from which the 
breccia is formed, had been depofited on the 
fummit of the vertical fliiftus. To admit of the 
formation of the borizonal flrata of fandftone, 
it is further fuppofed, that the ihiftus, with this 
fuperincumbent breccia, had again funk in the 
ocean, and remained deprefled for ages, till the 
materials of the fandftone were depofited on it, 
Thefe materials are fuppofed to have been then 
confolidated by the central fire operating on 
them, even with the intervention of the deep ftra- 
ta of Ihiftus on which they are incumbent ; and 
laftly, we are told that the whole, when thus pre- 
pared, were again elevated by a new exertion of 

# lUuftrations, &c. p. 5) 
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heat. It may furely be affirmed, without farther 
rcafoning, that fuppofitions fo extravagant and 
improbable can never be real interpretations of 
the operations of nature. 

We may on the whole conclude, that though 
the exiftence of organic impreffions and remains 
may prove that the ftrata containing them have 
been formed pofterior to the exiftence of the ve- 
getable and animal kingdoms ; and though the 
prefence of breccia, fand and gravel in the ftrata 
may likewife prove that other rtrata had esifted, 
from the wafte of which they had been produ- 
ced, yet neither of thefe fafls eftabliflies the 
conclufion, that our ftrata have originated from 
the decay of a former world ; and the explana- 
tions of the Huttonian fyftem on this fubjedl are 
even lefs probable and fatisfaiftory than thofe 
given by the Neptunian theory. The general 
propofition may therefore be admitted, that the 
ftrata of the earth are liable to wafte, and that 
the materials are carried forward to the fea, 
without proving from any appearances that this 
makes part of a feiies of changes, or is a ftep in 
the fuccefllon of worlds, or that on this planet 
a habitable world has exifled prior to the pre- 
fent, and from the waf^e oi which this has ori- 
ginated. 
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Tbefacood pripciffc iiffiifiil 
Ban tbeory, u, tfau tbe maienib which aae' 
kdcd at the bottom cJf the aceaa lie Jt: g 
depths expofed ta the adion of as aMeafeh 
uodcra ftnxig pteffiire, bj wHekAejmd 
and coofcilidated, fo as to be capable of fit 
ing o«w Aiaia. Thit ppncipte mar be cc 
deied ondef difereot alfiedx; and tbe diictii 
of it ii uDpactant, fiocc it it '^i****^ ofaSbn 
a direci demi^mticm tfthefi^ tfttr Arin 

Tbe difficulties vluch anecd the optnian i 
ficfi be fiated. How is this imineiife beat j 
daced ? If from combuftion, tbe oolj pmb 
ibarce, vbcocc is the combufiible matter di 
ed by which it is excited ? Wbeace is the < 
geo fuppiied, by which that combuilioa mul 
kept op? And how csd it be applied to m 
liali coUeded and depofited from irater, n 
the operation of that water is at tbe fame 1 
excluded ? Thefe are difficulties whicb nix< 
urged againft this hypothelis, and cf wbic 
will not be an eafy talk to give a fatiifad 
ibIutioD. 

The intcnfity of the beat required to prod 
that fulion whence our grata could have oi 
Tiated is beyond what it is pof&ble perhaps 
tbe imagination clearly to conceive. Thi 
evident from the immenre e]ktent of thefe ili 
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The higheft mountains of the globe run in ex- ' 
tenfive chains, and thcfe, from their connection, 
maA neceflaiily have been formed at one time. 
It is not lefs evident, from the difficult fufibllity 
of the fubftances either compofing their entire 
ftruftnre, or contained in them. This may be 
illuftrated by one or two examples. 

Carbonate of lime, of which all the calcare- 
ous cryftals, marbles, Itmeftone and chalk, con- 
lift, cannot be fufed by any heat which we can 
command, or at leaft can be fufed only in the 
moft minute quantity. Lavoifier was unable to 
j melt a particle of it by the intenfe heat excited 
by a burning mirror ; and SauiTure, by the 
much more powerful heat excited by the flame 
of the blow-pipe, urged by a ilream of oxygen 
gas, was able only to fufe a particle of it, fo 
fmall that it required the aid of the microfcope 
to difcover it. What then, fays Mr. Kirwan, 
muft have been the heat necetfary to melt whole 
mountains of this matter? " Judging from all 
" we at prefent know of heat, fuch a high de- 
" gree could only be produced by the pureft 
" air aifling on an enormous quantity of com- 
" buftible matter. Now Ehvman obferved, that 
" the combuftion of 2S0 cubic inches of air 
" ailing on charcoal was not able to efFedt the 
" fufion of one grain of Carrara marble; from 
" whence it is apparent, that all the air in the 
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* ill tco t n ol fi bftrM i, womi 
'•■tackafft^iiuniotain of rfais iuMMBoc 
* •''■r €XUm, even if Ifaere vcre a fuffidot 
" ^MHitjr of toflamtuabk nucTcr for ittowOt 

I it hm ben ■ncmptcil to \eSea, if not to oIk 

I fMletfce fbtcc of ihii objection. Profeflbr Pli^* 

fiw km oMcrved, that " this rcAfomng is not 

j^ ' tfifiicable to Dr. Mutton's hTpothefis of &ib> 

f * mnaeoui bcki, bccHul'e it i» gniunded on 

I * poinent.1. wkcvc tbut vci)' icparaiion of the 

l' •• ««btUe and &xed parts takes place, which it 

i >* di ch i ded in that bypotbefis. W^cd Ijinc- 

tt AciOc or marble i^ c^ipofcd to fuch a beat i* 

w u here mentioned, or eveo to heat of a 

u gree Tafll; inferior, the carbmuc gas is 

" u pcUed, and the bodv is irduced to pure Ibne^ 

« 11* Carrara marble may require a beat 

« fijeo of Wedgewood to melt it in the o] 

„ jii-, where the catbotuc acid gas efcapes Sean 

„ -^ ' but uodet fuch a pcefluic as Nvould 

I* tJtf* S*» ** cannot be inferred that it migfal 
a not "O^^ '^^ *** *"*' °^ ' glafi-houfe 

i ,-jyj argument, that caiboaate of lime maj 

' r jnuch mote ftifiblc than puie hmc, ani 

'! ** »,<-rcfore the fubtcrraneous heat by whid 

tSattb^^ 
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t IS fuppofed to have been fufed, may be very 
moderate, fince it afted under a compreflion by 
which the carbonic acid would be retained, is 
fuppofed to be confirmed by an analogical faft. 
Dr. Black had remarked, that pure barytes is 
much lefs fufible than carbonate of barytes, 
fince, when carbonate of barytes is expofed to 
an intenfe heat, it firft fufes or vitrifies ; it then 
begins to part with its carbonic acid, and as it 
does fo, it returns to the folid ftate. it is fup- 
pofed, by analogy, that the cafe may be the 
fame with carbonate of lime, that when ftrong 
compreirion is applied, it may be fufed by a 
much lower heat than when the carbonic acid 
is allowed to efcape. And fuch a compreflion 
is fuppofed, in the Huttonian theory, to have 
been applied in the mineral regions, where the 
immenfe raalTes of carbonate of lime have been 
formed. 

The fad, it may be obferved, on which this 
argument is founded, is doubtful. In the mode 
of obtaining the barytic earth, by decompofing 
carbonate of barytes by heat, the barytes is not 
obtained pure ; and if the experiment be made, 
as it ufuatly is, in an earthen velfel, as the de- 
compofition proceeds, the barytes aifis upon the 
earth of the veffel, and forms with it a fpecies 
of frit. The fubftance obtained in this way it 
both much lefs fufible and lefs foluble than the 
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pure earth obtained by decorapofmg the oitr^tel 

of barytes, according to the procefs of Vanque-I 
lin. This earth is indeed lu eafily fuiible, that] 
the fadt cannot be admitted, that barytes, whea 
pure, is more infuiible than when combir 
with carbonic acid. Frecifely the revetfe is tbi 
cafe. 

But were it true, the analogy thence a 
ed to lime is not juft. Carbonate of barytes, it 
is faid, fufes before it parts with its carbonic acid; 
bur carbonate of lime does not. No analogy, 
tlierefore, esids bctvreen them in ihe increafei 
fufibility arifing from the combination of car- 
bonic acid with tbefe earths ; or there aie iwJ 
juil grounds for fuppoting that Hme, like baryle^l 
is rendered more tulible by combination with 
that acid ; and therefore there is no foundation 
for this argument of ProfeiTor Playfair. And _ 
even if there were, ftillthe heat requifite to fu£f 
carbonate of hme mutt be intenfc. In order t 
decompofe it, and expel the carbonic acid, 
white heat is requifite, and Hill at this tempera-1 
ture the calcareous carbonate is not fufed ; ^oiM 
its fufion would probably require a much greateta 
heat than this. When we confider, therefor^^J 
the great extent of the iUata of calcareous mat*! 
ter, it is evident, that admittiEig the above ana#l 
logical argument to be juil, which it is not, AiUj 
an iramenfe heat muit have been neceflary fofi 
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their confolidation. according to the Huttoni;m 
hypothefis, a heat with which that of a glafs- 
houfe furnace cannot be compared, 

The original objection may alfo be ftated with 
equal force, with rei'peifl to other foflils in which 
there is not the fame mode ot eluding it. Quartz, 
for example, according to the experiments of 
Lavoifier, and other chemifts, is nearly as infuf- 
ible as lime. It not only remains unmelced in 
any heat a furnace can rail'e, but in the heat ex- 
cited by a burning mirror. Now there are en- 
tire mountains of quartz; it is found in large 
Teins in many rocks, and in others, as in granite, 
it exifls cryftallized as a conflituent part. Thefe, 
therefore, mull have had an inienle heat apphed 
to them for their fuGon ; and no modification, 
from the prefence of preffure, or any other cir- 
cumftance that could have any effedl in promot- 
ing the fufion of the quartz, can be imagined. 
The heat of a glafs-houfe furnace, fays Mr. Play- 
fair, trufting in the inipoflibihty of afcertaining 
the precife fufibility of carbonate of lime, may 
have been fulficient for its fufion. But there is 
not rhe fame uncertainty with regard to quartz. 
It is calculated by Saufl"ure, that it requires for 
its fuiion a temperature equal to 4043 of Wedge- 
Wood's pyrometer. Glafs, at a medium, requires 
only 30 of the fjime fcale. From the comparifon 
.of ihefe, therefore, we may judge of the intenfi- 
D 
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ty of the heat which would be necefTary to fofe 
the ftrata of the earth, and how far the ftandard 
of comparifon which Profeflbr Playfair points 
out is juil. 

The force of this argument, we may cdimate 
from tile care with which the anfwer to the ob- 
jeclion, from the infulibihty of carbonate of 
lime, is repeatedly Hiated, and fully urged. In 
enumerating the difficulties attending the Hut- 
lonian hypothefis, from the intenfe heat which 
mult have been required to fufe certain fub- 
ftances, the two examples of carbonate of lime 
and quartz are the rood obvious, and have been 
generally ftated together. The defender of that 
hypothefis, difcovers an analogical argument, by 
which it is fuppofed, that the force of the ob- 
jeftion, from the infuQbility of one of thefe fid 
rtances, the calcareous carbonate, may be ofit 
ated; and this is brought forward, ftrongly ftatE 
and repeated under various forms. Buttheotbi 
example, the quartz, is kept ouC of view, 
notice is taken of its infufibility having b« 
brought forward equally with that of the c 
careoua matter, as demonftrating the imptobi 
bility of this principle of iheHuttonian doflritid 
Is not this a tacit admiffion of the force of tW 
objeclion ? Where there appears a poffibility -I 
anfwering it, even an imperfeft analogical argi 
ment, founded nn a miftake in point of fad, : 
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not (lifdained. When, in another inllance, 
therefore, it is not attemjited to anfwer it, is not 
this to admir, that no fatisfaaory reply can be 
given ? that, of courfe, the objection, from the 
extreme infufibihty of foffil fubftances, of which 
carbonate of lime and quartz are given as the 
moft ftriking examples, remains in full force? 
and that the anxiety difplayed in obviating it, 
in one inllance where it feeraed pofllble to do 
fo, is a proof that the objedion is not, in the 
eftimalion even of the defenders of this fyftem, 
trivial, but one which they would wiih, if pof- 
fible, to remove ? 

So far, therefore, the improbabihty of this prin- 
ciple of the Huttonian theory, that foffils have 
been fufed by a fubterraneous heat, mufl: appear 
evident from the difficulties which attend it. 
Whether we confider the extent of the llrata 
thus fuppofed to have been fufed, or the extreme 
infufibllity of the matter of which they are 
compofed, the heat rcquifite rauft exceed, in in- 
tenfity, not only any that we linow, but even 
any that the imagination can conceive ; and 
for the produclion of fuch a heat, no adequate 
cauie can be affigned. 

But this argument, however forcible, may 
ilill be placed in a ftronger point of view. It 
is the peculiar feature, and as has been ftated 
ty its author, the excellence of the Huttonian 
D 2 







theory, that the operations it fuppofcs are inti- 
mately connefted, and ate carried on in a fuc 
ceOion to which no hmits are placed. It does 
not account merely for the appearances which 
the earth at prefent exhibits, but unfolds a fyf- 
tem in which the deftruiflion and formation of 
fuccefiive habitable worlds are explained. In 
every part of it, therefore, provifion mull be 
made, not merely for the produftion of an effe* 
but for the reprodudion of that efieft an ind^' 
finite number of times. Indulge the defender 
of this hypothefis with the a[rumption, that there 
exifted in the bowels of the earth a qiiantiry of 
combudible matter fufficient to have produced 
a heat capable of having fufed the prefent ftra- 
ta, and that a fufficient quantity of air was fup- 
plied to fupport its burning, even this will 
avail him little. Thefe ftrata are fuppofed to 
have originated from the decay of others which 
exiiled before them of a fimilar kind, and which 
had been formed in the fame manner ; and 
they are to be fucceedcd by new ftrata likewife 
fufed and elevated by heat. Nothing can be 
more incontrovertible, than that any accumula- 
tion of combudible matter, or any colleftion of 
air which can be imagined, would not, from the 
very principles of the fyltera, be fufficient to 
maintain fuch operations. It is a propofition 
indeed felf-evident, that a limited quantity could 




not ferve to fupport operations, not only im- 
menfe in their extent, but unlimited in their 
fucceflion. 

On the other hand, Dr. Hutton cannot Ihow 
that there is any procefs carried on at the fur- 
face of the earth fufficiently extenfive to fup- 
ply combulHhle matter for thefe operations. 
He feenis to imagine that vegetation is capable 
of ferving this purpofe. " Let us fuppofe," fays 
he, " the fubterraneous fire fupplied with its 
" combutlible materials from this fource, the 
" vegetable bodies growing upon the furface of 
" the land : Here is a fource provided for the 
" fupplying of mineral fire; a fource which is 

inexhauftible or unlimited, unlefs we are to 

circumfcribe it with regard to time and the 
•* ncceflkry ingredients *." 

It is true that vegetation is the great fource 
of combuftible matter at the furface of the 
earth; it ferves r.: a counterpoife to the various 
kinds of oxygenation, decompofes their produds, 
difengaging the oxygen, and accumulating in 
the matter of plants carbon and hydrogen. 
Thefe two procefles appear defigned in the 
economy of nature as antagonists to each other, 
oxygenation confuming the combuflible mat- 
ter which vegetation produces, and vegetatioi. 
de-oxydating the produdls of oxygenation. But 

• Tbtorr of tbe E»rth, toI. I 




there ts no reafon to believe that the one gene- 
ral procefs exceeds the other in the ultimate cf- 
feft. It might perhaps be urged as an objeflion 
to the Huttonian theory of the formation of 
coal, that it derives that fubftance from the ex- 
cefs of combuftible matter produced at the fur- 
face ; for it would require proof that there is 
any fuch excefs, or at leaft fuch an excefs as to 
continue for an unlimited lime. But at any 
rate it can never be pretended that from this 
fource can be derived that immenfe quantity of 
combuftible matter ncceiTary not only to form 
the coal of the fucceeding world, but to fup- 
port that intenfe combuftion which is requited 
to fufe and confolidate its earthy ftrata. 

It even admits of demonftration that no ope- 
ration carrying on at the furface of the globe 
can furnifli an uninterrupted fupply of combuft- 
ible matter. In the formation of the ftrata, the 
Huttonian hypolhefis labours under no difficulty 
with refpeft to providing materials, becaufe the 
fame matter which at ore period is fufed and 
elevated, is again worn down. But there is no 
fuch fucceffion of combuftible matter : in com- 
buftion it is neceiriiriiy rendered untit to fup- 
port the fame procefs until it be ue-oxydaied; 
and there is no mean pointed out, or even none 
which can be imagined, by which this is ef- 
fcded. 
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Were even this difficulty removed, it recurs 
in precifely the fame force with refpeft to the 
fupply of oxygen, which is jufl; as neceflhry as 
combuftible matter to combuftion. No accu- 
mulation of oxygen can fupport combuflion 
for an unlimited time; and no fource can be 
imagined whenc-i a fuccefiive fupply could be 
derived. 

Profeflbr Playfair feems to be fufficiently a- 
ware of the force of thefe objeflions, and of the 
impoffibility of fuppofing the fubterraneous heat 
to be excited and preferved by any fpecies of 
combuftion ; and this, as limiting the difcuflion, 
is an important conceffion. According to all 
the appearances, he obferves, from which the 
exiftence of a central heat has been inferred," it 
" is of a nature fo far different from ordinary 
" fire, that it may require no circulation of air, 
'• and no fupply of materials, to fupport it. It 
'* is not accompanied with inflammation or 
** combuftion, the great preflure preventing 
■*' any feparatipn of parts in the fubltances on 
*' which it afts, and the abfence of that elallic 
" fluid, without which heat (eems to have no 
'' power to decompofe bodies, even the moll 
*' combutiible, contributing to the unalterable 
/' nature of all the fubftances in the mineral 
*' regions *." Again, " In a region where the 

«l!,&e. p. 9J. 
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" aftion of heat was accompanied wiih ftich 
" compreffion as is here iuppofed, there could 
" be no fire properly fo called, and no combuf- 
*' tion. This is admitted by Dr. Hutton ; and 
" it is therefore a fallacious argument which is 
" brought a^ainll: his theory, from the iinpoffi- 
" bility of fire being raaintained in the bowels 
" of the earih. Thi'i impolTibility is precifely 
" what he fuppofes, and yet Mr. Kirwan's ar- 
" guments are direfled not againft the exiftence 
•' of heat in the interior of the earth, but f 
^' gftintt the exillence of burning and iaflatt 
" mation *." 

Profefibr Playfair having thus admitted, in 
the moil exprcfs terms, that the fubterranean 
heat, fuppofed to be the caiife of fuch imports 
cffeifls in the Huttonian hypothefis, cannoEii 
rife from any fpecies of combuftion, proceeds 
to explain the mode in which he conceives it 
may be excited. His obfervations on this fub- 
jeft mull be quoted at full length, " It is not 
" Fire in the ufual fenfeof the word, but Heat, 
" which is required for that purpofe ; and there 
" is nothing chimerical in fuppoling, that nature 
*' has the means of producing heat, even in a 
" very great degree, without the aflillance of 
" fuel or of vital air. Friftion is a fource of 
" heat, unlimited, for what we know, in its ex- 

* lUuAiaiioiu, p. iSs. 
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** tent, and fo perhaps are other operations, both 
" chemical and mechanical ; nor are either 
" combuftible fubftances, or vital air, concerned 
*' in the heat thus produced. So alfo the heat of 
*' the fun's rays in the focus of a burning glafs, the 
" moll intenfe that is known, is independent of 
" the fubftances juft mentioned ; and, though 
" that heat certainly could not calcine a metal, 
" nor even burn a piece of wood, without 
" oxygenous gas, it would doubilefs produce as 
■*• high a temperature in the abtence as in the 
^' prefence of that gas. 

" It is true, that it « not by the folar rays 
" that fybterraneous heat is produced ; but 
•' ftili, from this inrtance, we fee, that there is 
" no incongruity in fuppofing the produdion 
*' of heat to be independent of combuftible bo- 
" dies, and of vital air. We are indeed, in 
*' all cafes, ftrangers to the origin of heat : 
'* philofophers difpute, at this moment, con- 
" cerning the fource of chat which is produced 
" by burning ; and much more are they at a 
" lofs to determine, what upholds the light and 
" heat of the great luminary, which animates 
" all nature by its influence. If we would 
" form any opinion on this fubje£t, we fliall do 
" well to attend to the fuggeftions of that great 
" philofopher, who was hardly lefs diilinguiflied 
" from others by his doubts and conjectures, 



[ 4* 1 

** than by his mod rigorous and profound in- 
*' veftigations, * May not great, denfe, and fix- 
<< ed bodies, when heated beyond a certain de« 
" grce, emit light fo copioufly, as, by the emif- 
'^ fion and readion of its light, and the reflec- 
^ tions and refradions of its rays within its 
♦* pores, to grow ftill hotter, till it comes to a 
" certain period of heat, fuch as is that of the 
*' fun? And, are not the fun and fixed ftars 
♦* great earths, vehemently hot, whofe heat is 
<' conferved by the greatnefs of the bodies, and 
" . the mutual adlion and reaction between them, 
f* and the light which ihey emit * ?' 

** Some recent experiments feem to make the 
^^ fuggeftions in this query applicable to an o- 
** paque body like the earth, as well as to lumi- 
" nous bodies, fuch as the fun and fixed ftars. 
" The radiation of heat, where there is no light, 
was firft rendered probable by the experi- 
ments of M. Pidet of Geneva f j and the 
•' only objedions to which the concluQons from 
" thofe experiments feemed liable, are removed 
" by the lace very important difcoveries of Dr. 
Herfchcl %. From tbefc it appears that heat 
is capable of refraftion and refledlion, as well 

• Newton's Optics, vhlfupra, 
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•' as light, fo that it is not abfurd to fuppofe, 
" that the beat oj great, denfe, and fixed bodies, 
•' may be conferved by the greatnep of the bodies, 
♦' and the mutual adion and reaSion between them 
" and the beat which they emit *." 

We may admire the ingenuity of tliefe ob- 
iervations, in which an argument, obvious and 
incontrovertible, is fo enveloped and difguifed, 
that it requires fome difcuffion to place it in its 
clear light. To what purpofe are the various 
fources of heat, enumerated in this reafoning? 
To prove that it may exift, or be produced in- 
dependent of burning. This will be readily 
granted : But the reafoning can prove nothing 
farther; it can never warrant the conclufion, 
that heat may be afcribed to the operation of 
an unknown caufe. If it arife not from burn- 
ing, it muft be concluded that it is produced by 
fome of its other known caufes, by fri6lion, the 
fun's rays, fome fpecies of chemical aflion, or 
any other; and if it can be ITiown, that the 
fuppofed fubterranean heat cannot originate 
firom any of tbefe caufes, the obje<aion to the 
hypothefis which admits it is as flrong and 
irrefiftible, as if'corabuftion were the fole 
origin of heat, and it were proved that it could 
not be the effect of that procefs. Now, it can 
be fatisfaflorily fliown, that any of the known 

[lrii:ian>,&c.p. i36, iS;, iSS. 
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will this diffufion be ; for although the celeritj 
of the propagation of caloric through bodies is 
not precifely according to their denfities, it is 
more nearly in that ratio than in any othen 
No heat, therefore, in the centre of the earth 
could be kept accumulated there ; its inten. 
fity muft continue uniformly to diminifh ; and 
as the fiuttonian fyftem fuppofes a fucceffion 
of worlds formed by this fubterraneous heat, of 
which part fhall always be folid and habitable, 
while another part is fluid, and in a flate of pre- 
paration to be raifed, it is evident, that from the 
fuppofition made of great and denfe bodies pr&f 
ferving their heat, the local temperature necef-^ 
fary for thefe operations cannot be explained. 
The heat producing it muft come at length to 
be equally diftributed over the whole mafs, and 
either render it entirely fluid, or be incapable 
of fufing any part. 

To this view of the fubjed, therefore, the 
prefervation of a central heat in a mafs of mat- 
ter, which is the only one that has any relation 
to the prefent queftion, the hypothefis of New- 
ton does not apply. That philofopher might 
conceive that a great body heated, and placed 
at an immenfe diftance from every other, might 
from its greatnefs preferve its heat for a very 
long period. Or it might be fuppofed that a 
certain portion of caloric might be preferved in 
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^lew, under which this fiibjei3 may be cohfi^er- 
fcd. Heat, it is fufficienily knowri, is propagated 
jhrough denfe bodies with confiderable celerity. 
If a central fire, therefore, of the greateft inten- 
fity, exift, the heat muft be propagated through 
the fubftance of the earth towards its furface ; 
and this propagation ought to be fuch, that, 
tven in that period of time of which we have 
authentic records, its efFed:s ought to have been 
spparent. Yet we have no reafon to believe 
that there is any change in the medium tem- 
2)erattire of the globe. The climate of particular 
countries may be altered, from cultivation, or 
ether local circumfianccs, but no important 
general alteration appears to have taken place ; 
if it bad, its effects muft have been confpicuous, 
by fymptoms too well marked not to indicate 
their caufe. Nay, no change of this kind ap- 
pears to liave happened for a much longer pe- 
ciod than that which man has afcertained. It 
may be affirmed, that the temperature which at 
prefent prevails, is that neceflary for vegeta- 
tion, animal life, and, in general, for ail the 
operations of nature ; nor could a habitable 
world like ours, have exilled with a medium 
temperature many degrees inferior to that 
which now prevails. The heat at the furface, 
therefore, mull have always been nearly the 
dame ; and, though a central heat has been ex- 
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ifting, accar£n^ to the Sittoman tfafion 
that immenfe ftirrrtfion of dme; during- 
our worid^ and otiiers prccedinir it, bave e 
there has been no propagatzan of Lt thcau| 
fiibftance of the earth. If we can rely g 
deduction whatever ircm the knowleds 
pcfleis, we may reit aiiizred* chac a lyiiem ii 
ing fuch a fuppofitian is talie : nor wo 
be ealy even to imagine any Trcceis of t 
ing by which its ^diity cculd be mcEe < 
defnonlbratsd. 

If we compare the Hatrcnian wil 
Neptunian -theory, it wiH appcM" e 
that, according to the one, the preient ar 
ment of the furmce of the earth admits 

* 

any longer daradotu than it does accord 
the other ; for the principle of renoTztio] 
pofed in the &rmery mod hare its^ po^ 
tinguiihed, be&re the wafte, which it is d< 
to repair, is complete. The tendency 
deftrudioQ of this globe, as an habitable 
arifes from the difint^raticn which the 
fufier ; but this difintegratioa is acknow 
to be extremely flow. ** We have moi 
•* in this country," fays Dr. Huttoo, * an( 
^ not made of more durable material: 
^ what are common to the earth, which s 
** fenfibljpi diminifhed in their height ' 
V thouTand yean. The proof of this are t 
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roads made over fome of thofe hills. I 
•* have feen thefe roads us diilin<^ as if only 
" made a few years, with fuperficial pits beiide 
" them, from whence had been dug the gravel, 
" or materials of which they had been form- 
" ed*." If. in fo long a period, the difintegra- 
tlon is fo inconfiderable as not to be percept- 
ible, what muft be required to level thefe 
mountains with the fea? Millions of years would 
not fuffice. If the comparifon be made, of the 
degree of celerity of the propagation of caloric, 
and the quantity of matter it has to penetrate 
in paffing from the centre to the furface of the 
globe, and that of the celerity of the difintegra- 
tion of the exifting ftrata, as ellablilhed by thefe 
fads, it will be evident, that, after dating the 
former as low as poffible, it muft arrive at its ter- 
mination ; or, in other words, the temperature 
muft become uniform in a ihorter period than 
that which would be neceffary to complete the 
difintegration of the elevated parts of the pre- 
fent land. 

It is fcarcely neceflary to place the abfurdities 
following from this principle in any other point 
of view ; yet one more may be added, if poffible 
more glaring than the others. The materials 
from the wafte of the prefent vrorld are fuppofed 

• Theory of the Earth, vol. ii. p. I40, 
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to be depofited in the bed of the ocean, and ty 
be there confolidatcd by the central heat. This 
heat, therefore, has been capable of propagating 
ilfelt" through the inimenfe raafs of Iblid matter 
interpofcd between the centre of the earth and 
the bottom of the fea, and in a degree fo in- 
teiife as to confolidate the loofe matter thus 
depofited. Yet beyond this it has never 
been able to advance, even in that vaft period 
of time in which fucceffive worlds have been 
forming: In other words, this heat has been 
didufed through fome thoufand miles, to the 
mofli iiitenfe degree, but is there arrefted, and 
cannot extend itfelf a few miles farther ; 
curaftance worthy to be regarded as an inter] 
fition of a fuperior power in favour of man. Ie~ 
is thus that the verfatile Hultoiiian fufpends the 
laws of nature at his pleafure, or finds them ; 
Ways pliant and accommodating to the principj 
of his hypoihefis. 

From the whole of this reafoning, it appears, 
that under whatever afpedl we confider this 
part of the Huttonian theory, it not only labours 
under infuperable difficulties, but is proved to 
be falfe. Whether we fuppofe a vail accuoju- 
lation of heat, or of matter, capable, by combuf- 
tion, or any other mode of producing it ; or 
whether we fuppofe a fucceffive fupply of hei 
or of matter capable of affordmg it, Hill the firi 
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ply cannot be inexhauftible, and, of couffej 
cannot fupport the operations it is fuppofed to 
perform, for an indefinite time. And, were it 
even adequate to this, fuch is the nature of the 
agent employed, that it neceflarily muft prove 
deftru(5tive of the fyftem it is defigned to re- 
pair. There is an accumulation of proof, which 
prejudice itfelf, we Diould be tempted to believe, 
could not refin, and which is more than fuffi- 
cient to eflablilh the concluQon, that whatever 
praife may be due to the Huttonian fyftem as 
a fplendid hypothefis, it has no claim to the 
more exalted rank of a juft theory. 

In this difcuflion on the exiftence of a central 
heat, it has not been thought neceflary to no- 
tice the argument for it, drawn from the phe-> 
nomena of volcanoes ; it is fo obvious that thefe 
arife, not from any fource of this kind, but from 
fire excited in the volcanic mountain. Yet, as 
this is an argimient on which fome itrefs is laid, 
it may not be improper to fliow its fallacy by a 
few fa^s. 

i/?, The heat of the matter erupted from vol- 
canoes, is not fuch as it muft have been, were it 
derived from thatfire which the Huttonian gcolo- 
gift fuppofes to exill in the centre of the globe. 
This heat is fuppofed to be fufficient to fufe gra- 
nite, and of courfe quartz, which, according to 
the experiments of Saufiure, requires a tem- 
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perature equal to 4043 of WedgeWood's fcalft. 
But many fatfts prove, that tbe heat communi- 
cated by volcanic 6re, to the matter k throws 
out, feldom, if ever, equals 130 of the fame 
Icale. This is evident irom Oiorls, and various 
other folHls, fulible at 100, or 1 10, being found 
unaltered in tbe lava thrown out, — a proof that 
they bad never been fufed ; and lava itfelf is 
fuTed or vitrified at a temperature below 41 
Such a heat, therefore, can bear no comparift 
vith that fuppofed by the Huttonian geologift 
to exift in the fubterrancan regions. It b of 
courfe, a proof, that the lava erupted bad not 
been derived from that fource. 

ad. The produds of volcanoes are totally unJ 
like thofe which are fuppofed in tbe Huttonian 
theory to be formed and thrown out from the 
central regions. The latter confift of granite, 
porphyry, and trap, fubrtances never rejefted 
by volcanoes. On tbe other hand, fulpbur is an 
abundant produdion of volcanic fires, while 
is never prefent in the unftratified rocks ; 
proof of itfelf decif]%'e that the matter ejeded 
from volcanoes is not derived from tbe fame 
fource with that which is fuppofed to give rife to 
the products of the central regions. The ftony 
matter thrown from volcanoes appears indeed, 
from many fads.to be merely the rocks and foffils 



If is 
40ii^ 

'ift 
of 

1 

tn 
le 

e, 
:d 

in 



[ 59 1 

£e country, either fufed or partially alt 
by the volcanic fire. 

Lq/ily, The estindion of volcanoes fufficiently 
proves that they arife merely from the burning, 
or mutual chemical adlion, of a quantity of mat- 
ter locally accumulated, and fpent after a cer- 
tain period. If they were connefted with the 
central regions, no fuch estinftion fliould take 
place. 

The evidence from tliefe fafts is decifive in 
proving that the volcanic mountain is the feat 
of the operations the volcano performs ; and the 
phenomena, therefore, to which thefe give rife, 
are no proof whatever of a central fire. 

The force of fome of the difficulties which 
have been ftated in the courfe of this difcuffion, 
and the impoflibility of obviating them, feems 
to have been perceived by Dr. Hutton himfelf. 
In anfwer to the objedlions of Mr. Kirwan, he 
makes the following obfervations, from which, 
however he attpnipts to difguife it, this is fuf- 
ficiently evident. " 1 give myfelf little or no 
*' trouble about that fire, (the fire necefl!ary to 
" fafe minerals) or take no charge with regard 
" to the procuring of that power, as I have not 
" f-jutided my theory on the fuppdjitian of fub- 
" terraneous fire, however that fire properly fol- 
" lows as a conciufion from thofe appearances on 
" which the theory is founded. IVIy theory is 
' founded upon the general appearances of mine- 
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* tal bodies, axid apon ifais. th 
** moft oecelTahlr hare bcea in a Qatc of fufioa. 
" I do not pretend to prove deoaoGllruivel/ 
** that tbejr bad been even hot ; hovcrer, that 
** corKlulioD aUb oatiirall}- S^Uowa from their 
" having been in fuQon. Ic is luScient for 

* me to dcmoaibate. that thde bodies muft 
■• have been mote ot lefs in a ftate of foft- 
•• nc6and fluidity without any fpecies of foiu- 
" tioD. I do not (ay that this fluidity had been 
" without heat, but if that had been the cafe, 
** it would have anlVered equally well the puc> 
•* pofc of my theory, fo far as this went to ex- 
** plain the corifolidation of llrata or miDcral 
** bodies, which 1 ftiil repeat mnii hare been by 
" fimple fluidity, and not by any fpecies of fb- 
f" Jtttion, Of any other folvent than that uniTcr- 
** lal one which permeates all bodies, and which 
** makes tbcm fluid. 

" Our author, (Mr. Kirwan), has jaftl^ 
** remarked the difficulty of fire burning be> 
" low the earth and lea. It is not my purpo&t 
" here to endeavour to remove thofe diificulties, 
** which perhaps only exill in thofe ibppofitions 
" which are made on this occafion ; my purpofe 
** is to fliow that he bad no immediate coneieni 
" with that queftion in difcuffing the i"ubjecl of 
" the confolidation which we adually find in 
** the iUata of the earth, unififs my theory with 



* «gard to the igneous origin of ftony Tubftances 
" had proceeded upon the fuppofition of a fuh- 
" terraneous fire. It is furely one thing to em- 
" ploy fire and heat to melt mineral bodies, in 
" fuppofing this to be the caufe of their confo- 
f* lidation, and another thing to acknowledge 
^ fire or heat as having been exerted upon mi- 
'* Bcral bodies, when it is clearly proved froin 
«' adlual appearances, that thefe bodies had been 
1' in a melted ftate or that of fimple fluidity. 
•* Thefe are diftindions which would be thrown 
•* away upon the vulgar, but to a manof fcience, 
*' who analyfes arguments, and reafons ftriiflly 
*' from efFedl to caufe, ihia is, 1 beUeve, the 
•* proper way of coming at the truth *." 

The obfervations of Profeflbr Playfair are to 
the fame purpofe : They admit in effeft the diffi- 
culties attending the fuppofition of a central 
heat by which minerals have been fufed, and en- 
deavour to leflen thefe difficulties, on the ground 
that mineral fubftances are proved from their 
appearance to have already undergone fuch an 
operation. " We are not entitled, according 
** to any rules of philofophical invert igation, to 
'* rejed: a principle to which we are fairly led 
" by an induflion from fafls, merely becaufe 
M We cannot give a fatisfadory explanation of it. 

• Thoory of tht EarUi, vol. I. p. 137; 




'* It would be a very unfound view of pbyficil 
" fcience which would induce one to deny the 
" principle of gravitation, though he cannot 
." cKpIain it, or even though the admiflion of it 
" reduces him to great metaphyfical difficulties, 
" If indeed a downright abfurdity, or InconGt 
" tency with known and ellablilhed fails, be 
" involved in any principle, it ought not to be 
" admitted, however it may feem calculated to 
" explain other appearances. If, for inllance, 
" Dr. Hutton held that corahuftion was carried 
" on in a region where there was no vital air, 
" we Ihoutd have faid that he admitted an ab- 
" furdity, and that a theory founded on fuch 
" poilulata was worfe than chimerical. But if 
" the only thing imputable to him is, that, being 
" led by indudlion to admit the fufion of miao- 
" ral fubftances in the bowels of the earth, he 
" has afluraed the exifteoce of fuch heat as was 
" fuiBcient for this fulion, though he is unable 
" to affign the caufe of it, I believe it will be 
" found that his fyllem only fliares in an imper- 
" feiflion which is common to all phyfical theories, 
" and which the utmoft improvement of fcience 
" will never completely remove*." 

Thefe obfervations are fo far juft, that the 
merits of any geological theory muft refl: oo its 



• IllnlhaEioni, act, p. 189. 



: 63 ] 

Recording with the appearances of minerals. If 
it fully agrees with thefe appearances, the caufe, 
thus eftabhftied by induflion, ought to be admit- 
ted, though it may be liable to difficulties as to 
its mode of produflion or operation. But in 
the application of thefe obfervations to the Hut- 
tonian hypothefis there feems to be a miftakc, 
and the reafuning under which its defenders 
ihelter themfelves as a laft rcfource, is in feve- 
ral refpedts incorredl. 

It will be recolledted, in the firft place, that 
the term jlTOo/" ufed in this reafoning, is not to 
be underftood in the fenfe which llriiSly belongs 
to it, but in a more loofe fignification. When 
Dr. Hutton fays that he has proved minerals to 
have been formed by fufion, he cannot pretend 
that his proof is of that kind from which corol- 
laries may be ftriftly deduced, as from a mathe- 
matical demonllration. The proof can, from 
the nature of the fubjeift, amount to no more 
than a high probability, and in eftabUftiing it, 
therefore, all the circumitances are to be kept 
in view, and allowed their due weight. If dif. 
ficukies attend the conclulion, that minerals 
have been formed by fubterraneous heat, thefe 
muft enter into the calculation of probabilities 
from whicli the concluilon itfelf is to be drawn. 
If thefe difficulties be of importance, they may 
^ven be capable of balancing probabilities from 
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• appexnnees of minerals ; or if, on tbe m. 
iJfceK band, the proof &om indacUoo be ia aaf 
wefpdt doubtful or incomplete, fuch difficultsa 
msj be ioScienc to jtilli^ the rejection of tim 
phndple partly aiTumed and pard; attein[Med 
to be proved. We are noc aliowed, tberefiiBe, 
to draw the coDcIufioQ without regaidia^ tfaefe 
difficulties dprkri, and then iky thej areof a» 
nail, becaofe the proof is already efiabtifhed. 

But, farther, though it were admitted as resL 
ly pTored, that minerals have been tbcmed by 
fiifioo, it 13 not this fimple propolitloa txreiely 
which conAitutes the Huttonian hypothefis ; It 
is a detailed lyllem, in which a number of fuc> 
ceffire operations are fuppofed. If, in the ferie^ 
one operation can be pointed out, for the on^ 
form produifHon of which proriiioo is not made, 
the fyftem is fubverted, even though other p 
fofitions which it embraces may be fully \ 
ed. From the nature of heat, it can be Aict 
that this power cannot be accumulated in t 
central parts of the globe, to the extent whid 
is necefTary in the Huttonian docldne, and tb 
there is no fource from which it can be regal 
ly fapplicd. l"hough it were, therefore, pro^ 
cd by indifputable induction from the qnalitiocl 
of minerals, that they have beeo formed by fiKl 
fion, this would not prove the truth of the Hutrl 
tooian bypoihefis. The conclufion muft mer»»J 
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I7 be admitted, that they have been formed by 
£re, but not that the fire has beeri apphed iti 
the mode, and under The circumllances which 
that hypothefis points out. Were it even prov- 
ed, from the pofitions of the ilrata, that they 
had been formed and elevated by a fuhterra- 
nean heat, this would ftill not prove the pecu- 
liarities of the fyftem, that thefe muft have 
originated from a former continent ; that the 
materials ariiing from its wafte are fubjefled to 
a central heat which at all times continues to 
operate, and that a fucceflive elevation of them 
takes place. In a word, were the igneous origin 
of foflils clearly demonftrated, it would ferve 
only to cftabliJh a Vulcanic theory, but would 
no more prove the truth of the particular fyf- 
tem of Hutton, than it would that of Leibnitz 
or Buffbn. It is to no purpofe, therefore, that 
wc are told by Dr. Hutton, that he has proved 
that minerals have been formed by fuiion. 
This, were it granted, does not prove, nor 
even tend to ellabliih, the feveral propofitions 
vhich conllltute his fyftem. Some of thefe 
are, on the contrary, proved to be falfe ; and, 
therefore, were the proof of the firft propofition 
admitted, the refutation of the entire fyftem, or 
the demonftration of its falfity would ftill be 
complete. 

Laftly, when the Huttonian docirine is tried 
F 
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hy the ted which Frofeflbr Playfair himfelf has 
properly pointed out, the decifion muft be giv- 
en againft it. " It," fays he, " a downright 
*' abfurdity or inconfiftency with known and 
" eftnbliflied fads be involved in any princi- 
" pie, it ought not to be admitted, however 
" it may feem calculated to explain other ap- 
" pearances." It is a downright abfurdity to 
fuppole that caloric could be propagated from 
the centre of the earth to the bottom of the fea, 
fo as to confolidate the loofe materials there 
colledled, and iTiould never be able to extend it- 
felf farther. It is an inconfiftency with known 
and eftabliflied fafls to luppofe that caloric 
may exift in an aiflive ftate in part of a maft 
of matter without being propagated through 
the whole; and the principle, therefore, ground- 
ed on this fuppofition, muft be rejefted,, how- 
ever perfect its explanation of phenomena 
might be. The fuppolition itlelf is juft as ab- 
furd as that which the Frofeflbr has ftat- 
ed, as* fufiicient, if it had been maintain- 
ed, to overturn the theory, that combuftion 
may be carried on where there was no vital 
air ; for we have not more complete evidence 
eftabliftiing the truth as to the one of thefc 
points, than we have as to the other. The fai5l 
is as clearly demonftrated, that caloric diffufcs 
itfelf over matter till an eijuilibrium of tempe- 
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l^atUffe is attained, as that the prefeiice of dxy- 
gen is neceflary for the procefs of combuftion 5 
and any principle which contradids the one 

, iiiuft be regarded as falfe, as much as that which 
coutradids the other. We may, therefore, pra* 

' nounce in the words of Mr. Playfair, " that a 
•* theory founded on fuch pojlulata is worfe 
" than chimerical." 

The extenfive difcuffion on this firft. principle 
of the Huttonian theory, may demand fome a- 
pology* Its importance affords one that is fuf- 
ficient. The evidence for a geological theory^ 
from the appearances of minerals, muft often 
be imperfeft or ambiguous, and it evidently is 
fo, fince different opinions are held on the fub- 
jedl. But when the firlt principles of a fyfteiii 
are pfoved to involve abfurdities, and contradic- 
tions with known fads, the refutation of it is 

• neceflarily more complete. 

The difcuQion is of importance likewife in the 
fubfequent invefligation. No hypothefis was 
ever broached which did not explain, and ex- 
plain even in a fatisfadory manner, fome of the 
phenomena it is defigned to embrace ; and this 
will no doubt be found to hold true of the Hut- 
tonian theory. But when the falfity of its prin- 
ciples is thus demonflrated, thefe explanations 
will be regarded in their true light — as fkilful 
or fortunate adaptations of the hypothefis to the 

Fa 
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pheaomeca, and aot as jolt intcrpretatkxis of 
nature. 

The lail general principle of the HattooHUi 

fjftem is, that the tlrata after having been fnfisd 

and confolidated by fabterranean heat, had been 

elevated by the iame power. To its probalnli- 

ty, a priori^ the fame objedtion teolj be made 

which has been already i2rged with refpe£k to 

the fufioQ of the ftrata, — the diflScnlty or impof- 

fibility of obtaining and preferving a d^ice of 

heat fuScient for fuch a porpofe. And were 

this granted, no principle is pointed oat in tlx 

theory by which the action of thb power can 

be regulated. It is dways repre&nted as the 

peculiar excellence of this fyilem, that none of 

its operations are the refult of accident* but aD 

are adapted to the attainment of a determinate 

end. Yet in the fuppoiition of this elevation of 

the ftrata by an expanUve power, no caofe is 

pointed oat for its regular exertion in the mode 

the theory fuppofes, or why it ihould not be 

occafionally the caufe of havoc and dlfoKder, as 

of the renovation of a continent ; and why it 

might not elevate thefe ftrata before they had 

been fully prepared. For the produ^on of the 

effect the Huttonian theory afcribes to it, it is 

neceffary that it ihould be exerted on the ftiata, 

confolidated and ready for elevation at the bot- 




torn of the fea. Yet there is nothing connefted 
with it, no circumftance pointed out which 
Ihould preferve it within thefe limits, or caufc 
it to ad there more than upon the elevated 
land. The principle afliimed, therefore, is at 
once gratuitous and improbable. How far it 
accounts for the appearances which the ftrata 
exhibit, is afterwards to be confidered. 



We arc now to confider the Neptunian theory 
with regard to the probability of its firft prin- 
ciple, — that the different foffils have been form- 
ed, and the ftrata arranged by depofition from 
water. 

The great objeiftton to this principle is, the in- 
• folubility in water of the matter of which thefe 
ilrata confift. The fimple earths which are found 
in any confiderable quantity in nature, as lime, 
argil, magnefia, and filex, are very fparingly fo- 
luble in it; and the compounds which they form 
by their union, the diflerent earthy foffils, are 
many, or even the greater number of them, ap- 
parently infoluble. How therefore can it be 
fuppofed that water is the agent which has given 
them fluidity, or that they have been con- 
folidated from aqueous folulion ? " To affirm 
" that water was ever capable of dilTolving thefe 
" fubftances, is to al'cribe to it powers which it 
" confefledly has not at prefent; and therefore 

r 3 
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" it is to introduce an hypothcfis, not merclj 
** gratuitous, but one wliich, phyfically fpeaking, 
" is abfurd and impoflible *." 

In ftridl reafoning, the Neptunift may decline 
anfwering objections of this kind. The only 
principle which he alTumes is, that foffils muft 
have been formed by confolidation from aqueous 
folution, becaufe the appearances they prefent 
are incompatible with the fuppofition of their 
being formed by fire. If he can cftablifli this, 
his opinion is proved, and his reafoning may 
therefore be entirely confined to it. He may 
rejed, as fubjefts beyond the reach of invefti^ 
gation, the inquiries refpeding the manner in 
which this aqueous folution and the confolida- 
tion from 'it were effedted ; and if prefled with 
objedions from thefe topics, the anfwer is fuffi- 
cient, that, in the operations of nature, effeds 
may have arifen from caufes, though in the pre- 
fent ftate of our knowledge we may be unable 
to point out how from fuch caufes they coul4 
have been produced. The Huttonian geologift, 
by afpiring to higher ground, occupies a lefs ad- 
vantageous pofition. He prefents us with a con- 
nefted fyftem, in which not only a particular 
taufe is pointed out for the produdion of cer- 
tain ^ffeds, but in which alfo is detailed how 

» llluftrations, p. i8. 




and where, with what force, and under what mo- 
difying circutnftances this caufe has operated; 
and confequenlly objedions to any of thefe parts 
of his doflrine it is incumbent on him to anfwer, 
But the Neptuniil may reft fatisfied with the in- 
du<5tion from fafts, that water has been- tlie chief 
agent in the formation of minerals, and his con- 
clufion will be juft, though he may be unable 
to point out how it has operated. 

Let us endeavour to difcover, however, if the 
force of this great objedlion to the Neptunian 
theory may not be obviated. 

It may be remarked, that the reafoning from 
.which it derives its force is of that faulty kind 
which a found logic profcribes. We reafon con- 
fidently from what is at prefent to what has 
been, and fuppofe unreafonably that foflils 
muft have been the fame at their formation 
and arrangement as they now are ; that they 
jnuft have been in the fame ftate of aggregation, 
muft have exerted the fame affinities, and had 
the fame relations to each other. Yet nothing 
is more certain than that in thefe refpecls they 
.muft have been extremely different, and fuch 
differences muft have produced the moll impor- 
tant eftefts. 

Thus it is a principle now admitted by every 
chcmift, that a fubftance in mafs, from its ftate 
Oi aggregation, may be infoluble in a fluid in 
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which, when in a ftate of extreme mechanical 
divifion, it may be diflblved. The examples of 
this }i.ind in the mineral kingdom are numerous,' 
The comndum lloue, though confilimg princU 
paliy of argillaceous eaith, is infoluble in anf 
acid till its cohefion be overcome. Flint is nOl 
acted on by an alkali, uiilc;rs it lias previou^ 
been reduced to a Hate of mechanical diviOoib 
The jargon refids every attempt to decompoit 
it in the humid way, till its aggregation is over* 
come by the joint at^Eon of potafli and a ftroag! 
heat. The native oxyd of tin is from the lain* 
caufe infokible in any acid. And in gener^, ill 
mineral analytis, this infoliibjliiy from aggrega- 
tion, requires to be overcome by various preU* 
minary operations. 

It is apparently from this caufe that leveral 
of the earths and earthy foUils have been confU 
dered as incapable of being diifolved by watei^ 
though foluble in that llaid. Thb is particua 
iarly exemplified in filex, the earth which il 
been deemed the leall foluble of any, and i 
courfe with refped to which the Neptunift fin^ 
the greatefl difficulty. When triturated wit3|' 
water, no fentible portion of it is diffblved ; yd 
there are a variety of fads which prove it to 1 
foluble. If, for example, the filex be combinfl 
by fulion with an alkali, and if this compoui 
be afterwards decompofcd by an acid, the ii 




ceODs earth thrown down is in a ftate of ex- 
treme mechanical divifion, into which it cannot 
be brought by any other means ; and in this 
ftate it is foluble in water ; fo that if a large 
quantity be employed to dilute it, the earth is 
not precipitated. Siliceous ftaladtites, though 
^rare, are fometimes however found, as is admit- 
ted by Dr. Hutton himfelf ; and in nature, filex 
has adually been found diffblved in many mi- 
neral waters, It is fufficient to give as an ex- 
ample of this the water of tlie Geyfer fountain 
in Iceland. A hundred cubic inches of this 
water were found by Klaproih to hold diflblved 
not lefs than nine grains of filex, and by Dr. 
Black 10.8 grains. The latter illuQrious che- 
inill fuppofed that the folubility of the earth 
might be proraored by a portion of foda like- 
wife prcfent in the water. But Klaproth has 
jullly obferved, that the quantity of this is com- 
paratively fo fmall, (only three grains accord- 
jng to his analyfis, and 1.5 according to Dr. 
Slack's, in 100 cubic inches of the water) that 
it is altogether inadequate to the production of 
fuch an effefl; and that, belides this, the foda 
is neutralifed by carbonic acid, while it is only 
the pure alkaU that promotes the folubility of 
this earth, Silex has alio been found diflblved 
in water in which no alkali was prefent *. No 

* Kirwui'i Geological SOa^t, p. 117. 




doubt therefore can remain of the jufinefi of 
Klaprotb's opinion, that this earth exifts in the 
water of this fountain, from its natural folubi- 
lity in that Suid, afiifted probably bv the high 
temperature, fince we find it depolited at the 
fides of the fountain ; a depofiiion which muH 
be owing to the temperature of the fpring being 
reduced on expofure to the air. 

It is proved, therefore, that filiceous earth it 
foluble in water, and that its apparent infolul 
!ity is owing merely to its ftate of aggregati( 
It follows, that the fame caufe muft be affij 
for the infoluhiliEy of other fofliis; and, of 
courfe, that, though now infohible from their 
flate of aggregation, they may flill have had an 
aqueous origin. To thofe with whom an ex- 
ample is more convincing than reafoning, thii 
will be rendered evident by a fimple fail, 
filiceous depofition at the Geyfer fountain, 
compofed, according to Klaproth, of 98 of fill 
1.5 of argil, and 0.5 of oxyd of iron; it is firc- 
quently as hard as agate, and is infoluble in wa* 
ter, as much as any earthy foffil. Yet it o' 
its formation to aqueous foluiion ; a fa£t fuffidi 
to convince us of the error of the conclufioi 
that fofliis cannot be formed by water, becaufc, 
after their confolidation, we find them not fo- 
luble in that fluid. It is, indeed, an aflual de« 
monflration, that fuch a conclufion is falf^. 



>lutit^_ 

1^ 

■String 
d, of 
their 
td an 
n ex- 
^, this 

lin, ff^M 
"fileJ^ 

s firc- 

1 wa - 

ow^H 

ideil^l 



[ 75 ] 

Farther, the folvent power of water, with re- 
fpeft to any fubftance, is invariably promoted 
by heat. If we t;onceive, that, at the com- 
mencement of ihe formation of our Ilrata, this 
fluid held in folution a great quantity of faline, 
earthy, and metallic matters, it is certain that 

■it would be capable of fuftaining a much high- 
er temperature than pure water would; and 
this high temperature, it is indubitable, would 
augment its folvent power. It is nearly deraon- 
ftrated, that, by this agent, the power of com- 
bination, of which folution is merely a particu- 
lar cafe, may be increafed to any requifite ex- 
Itent. The refearches of BerthoUet on chemical 
affinity, and a number of facls recently eftablilh- 
ed, have rendered it extremely probable, that 
there are no two bodies in nature which have 
ngt attraftions to each other; that water, for 

, example, has not only an attradion to "many 
fubftances, but to all; and that, in particular 
cafes, exilling attraiflions are prevented from be- 
ing efficacious, only by the aggregation in the 
bodies concerned being fiipeiior to the chemi- 
cal attradlion exerted between them, or to other 
circumftances preventing their union. The 
former power, aggregation, is uniformly di- 
ruiniflied by heat ; and it follows nearly as a 
corollary, that, by its aflion applied ia a fulB- 
'gient degree, any two bodies may be made to 
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combine, or anj fluid may be made the folvent 
of any folid. Experiment likewife eftabliftws 
this conclufion; for, when water is made to 
fullain a high heat, it becomes the folvent of 
fubQances, of which, at a low temperature, it 
appears to be incapable of diflblving even the 
' saoH minute portion. 

Now, it is no improbable fuppofition, that, at 
the period when the materials of the furface of 
our globe were in folution, the temperature 
may have been much fuperior to that which is 
at prefent necelTary for the operations of na- 
ture. There mult, neceflkrily, have been af- 
£gned to this planet, a certain quantity of ca> 
loric, and this, before that order was ellablifhed 
which now prevails, may have been locally ac- 
cumulated, and may thus have been capable 
of producing, at the furface, the greatefteffefls. 
It has alfo been the opinion of feveral geologifts, 
(and, as an hypothefis, there is nothing to pre- 
vent it from being affuraed) that, at this peril 
the atmofphcre was not formed; of courfe, 
immenfe quantity of latent heat which it now 
contains, would be fenfible and active in the 
fluid mafs ; and, from this caufe alone, its tem- 
perature muft have been high. It is needlefs to 
Repeat, that, from fuch a caufe, the extent of 
which it is not eafy to aflign, it is impuQible to 
calculate the eOeds ; and he who would limit 
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them, who would fay that fuch a power could not 
be prefent, or that it was incapable of the ope- 
lations fuppofed, would reafon in oppofition to 
■principles eftabliflied by indubitable evidence. 
This aflettion would even ftand contradided by 
fadls; for, the folution of filex in the Bath wa- 
ters, Carlfljad waters, thofe of the Geyfer foun- 
tain, and other hot fprings, prove the vealityof 
fuch a power in heat, and that it is capable of 
producing fuch effedts. 

It is now likewii'e admitted, that it is impof- 
fible to determine the force of a chemical at- 
traftion between any two bodies, or the effedt 
■which would arife from its exertion, otherwife 
^han by obfervation or experiment. And the 
propofition, independent of all theory, would 
' at prefent receive the aflent of every chemift, 
that, if a number of fubftances were brought 
into contaft, in a ftate of extreme divifion, by 
the medium of a fluid, which itfelf exerted at- 
■tradlions to many of them, it would be impof- 
fible lo'eftimate what attradions would be mofl: 
efEcacious, what would be the rcfuU of their 
fMncurrent exertion, or what might be fuppofed 
to be the eifeft arifing from the prefence of any 
of them. 

To fpcak more precifely with regard to the 
prefent queflion, it is fuppofed in the Neptunian 
theory, that at the period of the formation of our 
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ftrata, there were diflblved in the chaotic ilui^, 
the different (imple earths ; the iimple inflam- 
mables, the metals ; with various faline matters 
not decompofed, or if thefe are compounds, tht 
elements of which they confift. To thefe, mod 
probably, are to be added the elaftic fluids, 
which at prefent form our atmofphere, and all 
thofe principles which are now accumulated ifi 
the animal and vegetable fyftems. By what 
power were thefe fubftances held in folutioQ 
by the water? The Huttonian, in his argument 
againil the Neptunian hypothefis, replies, that 
it mull be fuppofed to be by the attraction of 
each of them feparately to that fluid. But the 
reply is abfurd. Each fubftance would exert 
an attradion more or lefs efficacious to every, 
other prefent, or at leaft, according to the old 
chemical notion, it would exert attractions to 
many of them ; and the effeft which would re- 
fult from thefe complicated attradions, it is im* 
poffible to eftimate. The number of "fimple 
fubftances found in nature, and which muft erf" 
courfe have been all prefent in this fluid, ex- 
ceeds forty. Suppofe the half of thefe to be in 
fuch fmall quantities as to be imperceptible in 
their aftion, ftill, from the numerous attractions 
of the others, any imaginable effeCl might 
arife. 

To illutlrate this pofition, if we take one of 
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thefe fubftances, fuppofe the oxygen, wliich 
now conftitules one fourth of our atmofphere, 
and which enters into the compofition of all 
the vegetable and animal fubltances at prefent 
exifting in fuch abundance, how are we to de- 
termine what may have been the effefts refus- 
ing from the exertion of its attraftions, when 
deprived of its elallicity ? To fpecify one of 
:,them, it is capable of combining with all the 
'Znetals ; and it not only promotes their folubi- 
Jity in water, but increafes the force of their at- 
tractions to the earths, or the facility of their 
combination with them. How, therefore, are 
we to follow it through thefe numerous com- 
Jjinations, fo as to determine the ultimate gene- 
ral effeft? Or take hydrogen as an example: it is 
capable of combining withrulphur,and with car- 
bon; and thefe compounds again become folvents 
of other matters. Hydrogen is even capable, in 
its nafcent ftate, of diflblving'forae of the meials, 
and when deprived of its elafticity, or prefented 
in a ftate of condenfation, it is poffible it might 
be capable of forming combinations with the 
whole of them. Or, laiUy, let us take as our il- 
luftration the muriat of foda, which exifts ill 
■ fuch immenfe quantity in nature : It is evident, 
th^t if we fuppofe its principles, the acid and 
the alkali compounds, as their fimple elements 
.are unknown to us, wftintroduce the operations 
offubftances, which, fo far as we know, may 
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be fully adequate of themfelves to effeA the fo« 
Itttion of every kind of matter ia the chaotic 
fluid : Or if, as they have not been decorapof-- 
ed, we fuppofe them fimple, we are not to ima- 
gine that they would exift in a mere binary 
combination, or as muriat of foda ; their attrac- 
tions would be divided and modified by the o* 
ther fubftances prefent, in fuch a manner, that 
he would expofe himfelf to the charge of igno« 
ranee of chemiftry, who would venture to fore- 
tel the refult. When to thefe three natural 
fubilances which we have taken as examples, 
the affinities of fo many others are added, it is 
obvious, that, from fuch complicated attrac- 
tions, any eficd which impUes not a phyfical 
impoffibility might be produced. 

Another clear iUuftration of the fame truth is 
afforded by a fingular fac^ which has been flat* 
ed, and which on experiment will be found to 
be juft. When the alkaline folutions of filex 
and argil are mixed together in equal propor- 
tions, ** a firm, gelatinous, opalefcent mafs, re- 
** fults in a very few minutes. This is perfeft- 
" ly infoluble in water, yet foluble in acids, 
** whether concentrated or diluted, nay even in 
•• diftilled vinegar, and yet confifts of both fi- 
•* lex and argil : Here, therefore, the properties 
" of the filcx muft be confiderably altered *." 

^ Nicolfon*s Jounsaly voL'iv. p. 543, 
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No one could have imagined, a priori, that ar- 
gil could render filex foluble in acids, in which 
by itfelf it is perfeftty infoluble ; and from this 
lingle fad: it is obvious, that the conclufiou is 
equally probiible, that another lubftance, by the 
attratftion it exerts to filex, might render it fo- 
luble in water. It places, indeed, in a clear 
light, the influence arifing from attraflions, 
which we fliould not have fuppofed would be 
important ; and fully proves, that the efFefts 
which may refult from the mutual chemical 
a(flions of a number of fubftances, cannot pof- 
iibly be eftimated. It is a fad of the very firft 
importance, and which cannot be too, highly 
■prized by the Neptunian geologift. 

Reafoning of this kind, though in itfelf fuffi- 
ciently conclufive, is always rendered more for- 
cible when it can be (hown, that elFecls, analo-* 
gous to what are fuppofed, actually exift in na- 
ture, and acjfe from caufes of a fimiiar kind. 
In the prefent cafe we can obtain the advan- 
tage of fuch an illuilration. In the formation 
of the animal and vegetable fubflances, affini- 
ties are exerted of which we have no know- 
ledge, but from the produfts that are formed, 
and combinations take place which we could 
not have imagined, and which we cannot imi- 
tate. A few fimple fubftances, carbon, hydro- 
gen, oxygen, azote, and phofphorus, only arr 
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doncertied ; but ib far from forming the few hU 
narj, or ternary compounds which art can pro*- 
duce by combining them, they form an innu- 
merable variety of compounds, diftinguifhed by 
the pofleflion of the moft oppofite properties. 
To what caufe is this to be referred ? The phy- 
flologift may content himfelf with afctibisg It 
to the fuperintending influence of an trnkmnrtf 
vital power. But if we are not to fatisfy our- 
felves with a term deftitute of meaning, aud 
which, fo far from folving the problem, con- 
veys no precife idea, we will fearch for finne 
more intelligible theory. Wc will find it in 
the circumflances in which thefe fubftances are 
placed. We now knofw that chemical affifiity 
is not to be regarded as an abfolute pewer^ 
which, in all cafes whefe it ean operate, ivSl 
do fo with an equal force. It is moft materiid- 
]y influenced in its adion by a variety of cir* 
cumftances ; by force of aggregation, dlftances 
of the particles, temperature, clafticity or coft- 
denfation of the agents concerned, ({uatitity of 
the mafs, and others perhaps not afoertaxned. 
Wherever thefe are varied, efpeciaily where fc- 
veral fubftances, having mutual attraftion«, are 
prefent, a difference will take place in the affi- 
nities exerted, and thus, from a very flight ra- 
riation of circumftances, the moft varied com- 
binations will refult. Art cannot etfily pro- 
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ettte or regulate filCh variations, and flie there- 
fore citnnoc imitate the operations of animated 
nature, in which, by the moft complicated ar- 
rangement, the moft ample provifion is made 
for the attainment of thefe modifying powers. 
Hence, as has been faid, effeds refult on which 
we could not, a priori, calculate; and the in- 
ference from thie, to thefe operations by which 
the materials of our ftrata were dillblvea and 
confohdated, is direft and incontrovertible. At- 
tra3ions murt have been exerted, of which we 
know neither the number nor abfolute force ; 
ctnd thefe muft have been indchnitely modi6ed, 
by the circumftances of temperature, quantity, 
condensation, and otherg which we cannot de- 
termine, and which, in the indance of the or- 
ganic produdls now pointed out, produce fuch 
important effefSs. He, therefore, would reafon 
ftrangely, who would abftraft entirely thefe cir- 
cumllances, and tell us, that becaufe when 
flint is triturated in a mortai with water it is 
not diflblved, it is a phyfical impoffibility that 
Sliceoui earth fhould have been in foiution in 
the chaotic fluid. His reafoning would be 
nearly the fame as that by which it fliould be 
affirmed, that fugar cannot be a compound of 
carbon, hydrogen, and oxygen, becaufe we can- 
not form it by combining thefe principles, or 
G 2 
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are unable, even by any means, to bring tbem 
into a ternary combination. 

Laftly, we do not know what really are tbe 
fimple i»rinciples of the fubitances exifting in 
the mineral kingdom ; and this of itfelf is fufB- 
cient to folve the whole difEculty. If we am^g 
lyfe an earthy fofTil, we find our analyfls canffl 
be carried beyond certain fubftances, which « 
term fimple earths : or if we examine the co( 
pofilion of an ore, we refolve it into a aietal cm 
bined with feme other body. But can we at 
firm (hat tbefc earths and metals are certainly 
fimple bodies, or that they may not be com- 
pounds ? He who knows any thing of the prin- 
ciples of chemiftry, or even of its hitlory, would 
never confider the former conclufion as efta- 
blilbed, but would rather incline to the tatter, 
£nce our analylis can never prove a body to be 
ablblutely fimple ; and the progrefs of difcoTciy 
bas invariably been, to prove fubtlances, ap- 
parently fo, to be compounds, and compounds 
too of a nature very different from what the 
ftatc of knowledge prior to the difcorery would 
have fuggefled. If tome yean back an opinion 
on any fuhjeifl had been maintained which re- 
quired the fuppolition that water and air were 
compounds, it would probably, from the preva- 
lent notion of thele bodies being elemcnl 
have been rejeded, yet the event has fhoi 
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that it would have been jull. And on the fame 
grounds, it is equally allowable at prefent to 
fuppofe, if it be neceifary to do fo to folve a 
difficulty attending a principle eltabliflied on 
evidence, that the earths and metals may be 
compounds ; and indeed in itfelf fuch a fuppo- 
fition is entitled to equal regard with that which 
conliders them as fimple, and is perhaps more 
conformable to truth. As a general rule to 
guard againft extravagant fpeculation, or as a 
principle which regulates our arrangements, it 
may not be improper to rank every fubftance 
as fimple which is not decompofed ; but it fhould 
not be forgotten, that this is a mere fuppofition, 
admitted for thefe reafons, that it is only a 
principle of convenience, but that in the ab- 
■ftrafl it is not more certain than the oppofite 
coiiclufion. 

We ftiould not indeed err much, perhaps, if 
■we confidered the greater number of bodies 
which are at prefent the fubjedls of our know- 
ledge as compounds. Chemiftry is but in 
its infancy ; within a few years only has it dif- 
covered the compoCtion of a number of fub- 
ftances ; and Ihall we believe that it has already 
attained the end of its refearches, and that the 
yarieties of matter which analyfis has difcovered 
arc truly elementary ? Bodies, as they approach 
to fimplicity, apparently become more fubtl?, 

G3 




IS is evident from contratling the fimple gfffH 
with the compounds they form. When we 
iompftte the amazing fubtility and tennirj' of 
tight, and thofe kinds of matter which gi*e rife 
10 the phenomena of magnetifm, eleflrictty, and 
galvanifm, with the groffnefs and fluggifhoeft 
*f the metals and earths, or even the fimple 
gafes, we will perceive that here the ufual gra- 
dations of nature are not obferved ; that the 
chain which Ihould conned material bodies is 
is it were broken between thefe different claffes; 
and that the fuppofition is not improbable thst 
thefe grofler bodies are compounds of others 
iflore fubtle, which may approach, or graduate 
into thofe kinds of matter that have the raoft 
undoubted claim to the charat^er of fimplicity. 
There are likewife a variety of fafts both in 
chemiftryand mineralogy, fuch as the apparent 
tranfmutation of flint into calcareous earth, and 
the produdtion of the earths in the vegetable 
fyftem, which appear to indicate that thefe are 
compounds. 

To fiich fuppoiitions, however, though io 
ihemfclves fuflicjentiy probable, and not unfup- 
ported, we need not have recourfe. It is faf- 
ficient that the abfolute timplicity of thefe 
bodies, — the earths and metals, is not proved. 
If the pofljbility of their being compounds be 
admitted, (and its impoflibility the Huttonian 



[ 87 1 

yiiW never be able to demonftrate) the objection 
to the Neptunian theory of their formation, that 
they are nearly Infoluble in water, is of no force. 
Jt is obvious, that if compounds, their principle)! 
might exift in the fluid or even aerial form, that 
they might be foluble in water, or by their mn» 
tual attradlion might contribute reciprocally to 
their foluiion, and that when combined in other 
modes they might form thofe lefs foluble com- 
pounds which now exift. 

When we.confidev the circumftances now e- 
pumerated, the influence of aggregation in pre- 
venting folution, the power of temperature in 
promotipg it, the incalculable effedts refalting 
from the exertion of complicated affinities, and 
the poflibility of fubftances being compounds, 
which our imperfect knowledge ranks as firaple, 
we can have no hefitation in admitting the con- 
'cluflon- which each feparatcly etiablifties, that 
foffils may have been formed by water, though 
apparently infoluble in that tluid. And if an 
indudion from fads fliall render probable their 
aqueous origin, their prefent infolubility will 
form no objection of real force. 

Dr. Hutton has likevi-ife fuppofed, that, grant- 
ing the folubility in water of the matter of which 
pur flrata conflft, their fubfequent canfolidation 
cannot be accounted for on the Neptunian the- 
ory. The porofity of the mafs could never be 
G4 



*« For the bulk of the folvent, and of the tB»U 
^ ter it contained in folution, being greater 
'' than the bulk of either taken fingly, when 
^'^ the latter was depoiited^ the former wonld 
** have fufficient room left, and would continue 
^ to occupy a certain fpace in the interior of 
*^ the ftrata* A liquid folvent, therefore, could 
^ never (hut up the pores of a body, to the en« 
*^ tire exclufion of itfelf ; and, had mineral fub*- 
** ftances been confolidated, as here fuppofed^ 
'* the folvent ought either to remain within 
'* them in a liquid date, or, if evaporated, ihould 
^ have left the pores empty, and th^ body per^^ 
" vious to water. Neither of thefe, however^ 
^^ is the fad ; many ftratified bodies are per^^ 
*^ fedly impervious to water, and few mineral 
^* fubilances contain water in a liquid ftf|te^ 
*^ That they fometimea contain it, chemically 
** united to them, is no proof of their ibtidity 
*^ having been brought about by that ^utd; 
'' for fuch chemiqal union is as coniiftent with 
^* the fuppofition of igneous as of aqueous con- 
** folidation, fince the region in which the fire 
** was applied, on every hypotliefis, muft have 
" abounded with humidity *." 

Thefe objections, it may be affirmed, ariie 
from afcribing an bypothefis to the Neptunian 

* Illufiratioof of tbf ^uttosuaa Thtoty^ p« l^yi?* 



lAieoty which does not belong to it, and that, 
with refped to this point, it labours under no 
leal difficulty. This will be evident, from (lat- 
iog brieSy the modes in which it fuppofes con- 
folidaiion to take place from fluidity by water. 

If the folid fubftance be completely diJoltcd 
in the water, it may feparate from it by cryl^Kl- 
liiatioo, this cryftallization being determined 
by a change of circum (lances in the Iblution. 
If the folubility of (he folid had been augment- 
ed by the heat of the folvent, or by the pre- 
fence in it of certain principles, fappofe of an 
aerial kind, it is evident, that on a reduflion of 
temperature, or on the efcape of thcfc princi- 
ples, or even on new combinations taking place, 
cryftallization would commence : it would pro- 
ceed more or lefs rapidly according to the ex- 
tent in the change of circumftances bringing it 
about ; and in this manner might be formed 
the different ftrata which eshibiE marks of cry- 
ftallization in their Itrufture. No one can 
doubt that in this way malTea of the gi'eateft 
hardnefs and denfity might be formed, and the 
chemift indeed has diiily opportunities of ob- 
ferving the hardnefs which a cryftaliine mafs ac- 
qoites, when it (lands for Tome time wich the 
lu]uor over it from which it had been depofited, 
every vacuity which may have been left in it at 
its firft cryrtalliz^ion. being hlled up by fubfe- 
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quent cryftalline depofition, and the fluid filling 
ihefe cavities, being extruded. 

Other Itrata may have been formed merely 
by depofition offulid matter, not dillblved, but 
fulpended in a fluid. In this manner have ap- 
parently originated a conflderable number of 
the ftcondary ftrata. The particles, depofited 
in large beds, would at firft have little cohefion; 
but there is no improbability in the AjppoGtion, 
that in this foft Hate the attraction of aggrega. 
tion would be exerted between them, fince 
know that neither this fpecies of attraftion, 
chemical affinity, is entirely confined in its ac- 
tion to the ultimate particles of matter, bat can 
be exerted between minute mafles. The pa*. 
tides would thus approximate, the interpi 
fluid would be forced out, and a mafs more 
lefs compaft would be formed. This, on 
maining a long time at reJl, might attain 
great degree of hardnefs ; and it may be ol 
ferved, that in nature no folEl, at lealf noi 
uncryftallized, is fo perfeiftly denfe as to be 
together impervious to water. This fpecies fl] 
confolidation would be Hill more promoted if a 
chemical were mixed with the mechanical dcr, 
polite, or matter was feparated that had b< 
diflblved, at the fame time with the fubiideni 
of the particles fufpended. a circumflance whi< 
appears to have often happened. 



The futility of Dr. Hutton's objedtions to this 
account of confolidation from aqueous folution 
will now be apparent. They do not indeed ap- 
ply to it, but to an hypothefis which no Nep- 
tunifl: maintains. In accounting for the confo- 
lidation of the ilrata by water, it is not conceived 
that the loofe materials are firfl depofited at the 
bottom of the fea, and that then fome matter 
is introduced into their pores by which they are 
rendered hard. They have been formed either 
by cryftallization or precipitation. In the for- 
mer mode it is obvious that no operation of this 
kind can be fuppofed requifite to confolidate 
them ; in the latter cafe it is in general equally 
unneceflary, becaufe when the particles in a 
ftate of minute divifion were depofited, they 
might cohere, and would not, as Dr. Hutton 
conceives, require the introduiflion of any other 
matter to complete their confolidation. But 
were even fuch a fuppofition made, the objec- 
tion would be groundlefs. If the water fuppo- 
icd to be introduced into the precipitated mafs 
had particles of folid matter merely /ujpended in 
it, thefe would be difpofed to fubfide, and co- 
here more or lefs firmly with the folid matter in- 
to which the water had been infinuated, and the 
water itfelf would at the fame time be extruded. 
Or if the folid matter were dijblved, it would be 
difpofed to cryftallize, by obtaining a nucleus 
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The caufe of this fingularljr confufed and 
miftaken ftatement, appears to be, Dr. Hulton 
having always before bim a limited view of bis 
Tubjeft. When he afks, by what caufe are tU 
fttata conlblidated ? he appears to mean, not a 
his expreffion would imply, the ftrata in genei 
but thofe particular flrata which confift of n 
cbanical fragments cemented together. He c 
6ders ihefe llrata as compofed of particular col 
lemons of fubliances, limeltone, for example, a 
remains of marine animals, and pudding-ftoi 
of pebbles or gravel, which are confalidated ^ 
being fixed in a common cement. When, t 
fore, his queilion is anfwered, by faying, I 
confoUdation is owing to the mutual attra 
of the particles, the anl'wer appears to himp 
pollerous. But this is owing to the prepofter- 
ous manner in which be has conceived the fii1>> 
je<fl. It is a proper anfwer with refpect to the 
confolidation of homogenous flrata, which a- 
mouDt at lenfl to nire in ten of the whole. 
Atid,if the quertion were farther put, withre- 
fpe^ to tbefe particular Itrata, which are com- 
pofed of mecbanical fragments cemented to- 
gether, the anfwer of the Neptunian would 
then be, that the cementing matter of thefe 
flrata had been depofited around thefe firag- 
ments from folution or futpenfion in wMter, and 
that the aitradion of aggregation being cierted 
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feetween its particles, it had confolidated, and, 
Df courfe, had confolidated the whole mafs. 

Or rather the Uraited view which Dr. Hut- 
ton takes of this fubjeiSt, arifes from his hypothe- 

ilis, that all the ftrata have arifen from the de- 
cay of former ones ; and that, therefore, their 
materials have once conlifted of mechanical 
fragments loofely depofitecl. He ftiould have 
recolleaed, however, that tbisfuppofition is not 
admitted by his antagonill, and that he there- 
fore was not at liberty to attribute it to liim, or 
to leafon from it as if it were received. The 
opinion of the Neptunift as to the original con- 
dition of the materials of the itrala is altogether 
different, and it is not to this opinion, but to an 
hypothefis, the creature of his own imaginatipn, 
and of his limited views, that the objeflions 
of Dr. Hutton on confolidation apply. 

' Examples of both the kinds of confolidation 
pointed out, are abundant in nature. Calca- 
reous cryftals and ftalaiftites, and even Gliceous 
Aalaftites, are frequently formed by water at 
the furface, and fhow, at leaft, that from cryftal- 
iization, perfect confolidation may take place ; 
a concluiion, indeed, which no one can doubt. 

,'Of depofition, too hafty to admit of cryftalliza- 
lion, the fihceous incruftation at the Geyfer 
fountain is a fufficient example. Its hardnefs is 
frequently fuch as to be equal to that of the 
H 
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being confolidated by concretion from water ; 
nor has it been fhown that they ought to con- 
tain more water than they adtually do. In all 
cryftallized bodies, the quantity retained is di£> 
ferenty and is dependent partly on their attrac- 
tion to the fluid, and partly on circumftances 
attending their cryflallization. And there are 
fubflances adlually depofited from water which 
do not contain any fenfible ponion of it : 
Such, according to the analyfis of Klaproth, is 
the filiceous incruilation of the Geyfer foun- 
tain. 

We may now contrail thefe two fyftems with 
refpeft to the probability of their firft principles, 
and compare the explanation which either af- 
fords, with that which the nature of the fubje<9: 
admits. We have feen, not only that the Hut- 
tonian fyflem labours under infurmountable 
difficulties, in accounting for the produdlion of 
that heat by which it fuppofes the flrata to be 
fufed and confolidated, but it has been proved, 
that its principles Aand in diredl oppofition to 
eftablifhed fads, and are therefore falfe. The 
Neptunian fyftem, again, in accounting for the 
original fluidity of the furface of the globe from 
the operation of water, may appear to be liable 
to feme difficulties ; but it is fertile in refources, 
iince caufes can be pointed out, by which the 



[ >oi ] 

:ion of that fluid might be modified, fo as to 
iproduce the efFefls afcribed to its operation. 
it may be impoflible to determine which of the 
:aufes pointed out did aftually operate, or to 
■which the greateft fliaie in the ultimate effeift 
to be attributed. But wliat is to be expefted 
OTom the geologift in fuch refearches? not fure- 
that he is to point out the precife manner in 
'which thefe immenfe operations have been con- 
'iSudted, or, as if he had been a fpertatorof them, 
defcribe them in detail. The theorift may 
male pretenfions of this kind, but, under the 
name of a fyftem, he will give us merely a 
[•dream. It is fufficient if, from indudion, a par- 
Iticular caufe be eftabliflied, and if this caufe 
iT)e rendered probable, or objeiflions to it obvi- 
'ated by reafoning which involves no improbable 
fuppolitions. This is attained in the Neptunian 
theory. From the appearances of minerals, we 
ftiall find fufficient reafon to conclude, that they 
have been formed by water; and the objedlions 
which might, a priori, be made to this conclu. 
fion, from the powers of water being inade- 
quate to fuch effefts, we have feen are fufficient- 
ly obviated, by the admiffion of certain modi- 
fying circumllances, which not only might have 
operated, but which muft have done fo to a 
certain extent. There is, therefore, nothing to 

H3 
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fRfol Ibe nhniffton of the pmoftK «Uck 

Ob tin fiifajea loo, weie it Mcefiitr, tfo 
j r l n cip lc on^ be iodiicd on, dttK, if ■ ccnaoi 
caiA fcc fiiggeiied by rbe pbenaraesa. h oo^ 
fD be atimirtcd. though cbere are difficuida ii 
exf^niog hs pteciie moiie of operation. Dt. 
Uutton and Pmfeiibr Pkvfiir appW Ebis K^v- 
inent m the fapport of tbeir doclnne, vitbout 
perceivtDg or ackDowWdgiiig that k can be 
brougbt with equal force to etlabiiih the Nep* 
ttmian theory : " I have proTed," fiys Dr. 
Ha:ton, " that thofe iloay fubftances have beeo 
" io the fluid ftate of fuficQ ; and firm ibii I 
" have inferred the former exiilcnee of in in* 
*' tetnal beat, a fubterrjucous fitc, or a ccftain 
*' caa£e of fufion, by irbateTer name it fliaQ be 
" called, and by wbitever means it ftiafi hi»e 
*' been procured, Thaugb 1 Ihould confete my 
" ignorance with regard to the mean^ of pr^ 
** curing fire, the evidence of the meltinjc tpe- 
•• ration, or former fluidity of thefe mineral 
" bodies, would not be '.hereby in the leait di. 
" minillied*." It is obvious, that the whok 
of this argument may be adapted with equal 
juftice ro the Neptunian theory. I have pro«^, 
(a defender of that fyllem might fay) that tbdi: 
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fteny fubftances have been in the fluid ftate of 
Iblution ; and from this I have inferred the ex- 
igence of a folvent, or a certain caufe of folu- 
Ikin, by whatever name it fliall be called, and 
by whatever means it fliall have been procured ; 
end though I Hiould confefs my ignorance with 
Xegard to the means of procuring this folvent, 
the evidence of the diflblving operation, or for- 
mer fluidity of thefe mineral bodies, would not 
be thereby in the leaft diminifhed. 

This mode of reafoning can indeed be em- 
ployed with much more force and juftice by 
the Neptunift than by the Huttonian ; for, as 
has already been fliown, though it were demon- 
firated that minerals had been formed by fufion, 
this would not eftablifli the truth of the Hut- 
tonian fyfteni, becaufe that fyftem involves prin- 
ciples phyfically impoflible, and which there- 
fore no induction can eftablifh ; while on the 
contrary, the Neptunian is at moft liable tofome 
difficulties which are eafdy removed, and which, 
though they were not, would not be fufiicient 
to invalidate the evidence which the appearances 
of minerals afford. Little doubt, therefore, it 
is prefumed, can remain of the decided fuperi- 
Drity of the firll principles of the one to thofe of 
the other. We have next to examine what fup- 
port thefe theories derive from the phenomena of 
geology. The arguments of this kind which 
H4 
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have bccB advanced may be coofideicd imdei 
two clafles ; thofe drawn from the pofitioos ao4 
connedions of the ftrata of the earth, and thefe 
from the properties and appearances of indifi! 
dual foflUs. 




Of the Arguments infupport of the Huttonian and 
Neptunian Theories, from the Pofitions of the 
Strata of the Globe, 



J. Hs immepfe mafles which compofe the farface 
of the earth are extremely various in their pofi- 
tions. Some are altogether inegular, others are 
difpofed in bedi or ftrata which are vertical, ho- 
montal, or inclined at difierent angles to the 
horizon, varying in their extent and thicknefs, 
alternating often with each other, and frequently 
intimately connefted at their juudions. Thefe 
are fails of the firft importance in geology, and 
which require to be explained in any theory of 
the earth. 

The Huttonian explanations of the formation 
of the ftratified rocks, and of that of the unftra- 
tified, are very difterent from each other, and 
require feparate confideration. 
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Of the STUATiFiED ROCKS It has jaft been ob« 
fcnred« that fome are vertical in thdr pofitioii« 
fon^.e horizontals or nearly fo, and others indiDed 
at dilTercnt ancles to the boriron. Dr. Hutton 
fuppoies that ail ihefc have crie^nally been ho- 
monral« that the matter of which tbev confift 
Ins been fprrad cut on the bottooi of the ocean, 
confolidited by fLincn by lubtcrraneous beat, 
and ioteruranis elevated by the expzniTe povcr 
of that heat, ib ^ to auT^ise the pcfncns thej 
are frund to bsTe, 

In the Nep:ur.:in fyfbem i: is Uippatcd that 
the pK^a::.^r$ of the :^T*:a hiv- been detenniDcd, 
partly by :be r,c<ir>? cif :be biie cc ground on 
trhich tbey bare bees iepcf :?i aisd partlj by 
their Jrjvcti.'^r b:iY:r^ beca a f bc ci e s of err- 
ihdiiK6?3U Tb^e rmitrre irxra, wbidi are 
yeneraLN' TtrrcxI cr b:rh?y rxErsed, had fiift 
bc^ro cert>dtTfvi :r>n: tb? cui x 'j u ^ fuad o vhich 
their tu^AxTX^r wis ijJcIrri. zsd they had 
tfcVen the terra :a w^rrcb w- £rxi Anaw hy hw- 
if^ ^ec^^ hiriily cryraTr^i. Frtr^:: thefe im- 
loemV WA^ tbc vtirer i:s rir ooftd to have 
r«Mr\l *.u V the Tctcpe icuv^ rart? ct cie gfcrfie, 
i\r lUV 0Jt\5fit*3^ ::" ;:^ s>f:^r-il r^irtSL Thss re- 
tw^t \\td^.* V ^r^^itv5ti 1$ f* ^i^»r ctrctiaed fat 
si^vrv^l ,\<e^ *:^i NJ\:itir:c re? cxrcrsrtsaccc, the 




on tlie fides of the vertical and highly inclined 
ftrata already formed : and laftly, by the con- 
tinued retreat of the fea. thefe fecondary ftrata 
have likewife been lefr expofed. 

It is objecled to this account of the formation 
of the ftcata, that ii does not account for their 
inclined or vertical pofuion. If matter, it is 
faid, was depofitcd from a fluid, it would arrange 
itfelf in a horiiontal bed; the inclination of the 
bottom or ground on wliich it is depofited 
might have fome efted: in modifying the poQ- 
tion, but this would toon cRafe; the matter pre- 
cipitated, fiom this inclination, mull be depofitej 
unequally ; being carried forward where the in- 
clination is greatell, it would tend to arrange 
the whole horizontally, and the different beds 
er ftrata, as they are formed, would approach 
more and more to that pofition. To what caufe 
then are to be afcribed the vertical, or the highly 
inclined politions which they frequently have, 
and the parallelifm which they preferve with 
great exadlnefs under very extenfive and varied 
incurvations? 

The force of this objeftion depends entirely 
on the fuppofiiion, that in the dc*pofition of thefe 
ftrata, their matter had been previoufly merely 
fufpended mechanically in a fluid, and had fub- 
fided by reft. Had this been the cafe they muft 
have beeo arranged in horizontal beds, and ought 
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of courfe to be found in that pofition. The opi*' 
nion maintained io the Neptunian theory how- 
ever is, that they had been chemically diflblved, 
and had feparaled and concreted by a fpecr 
of cryftallization. Thefe cryftalline depofiti 
'would be m large irregular nialfes, as granite, 
the rock of primary formation, is ; and the fluid 
fiill continuing to depofite matter by cryftalliia- 
tion, this matter, in conformity to the laws of 
that procefs, would cryftallize on the fides of the 
mafles already produced ; and thus the appear- 
ance of vertical llrata would be formed : or the 
divilion of thefe might even be determined by 
the procefs of cryftallization itfelf. With re- 
gard to the fumoQties and Incurvations in thefe 
flrata, it may be difficult to point out precifely 
bow cryftallization Ihould produce them. But 
we have fufficient evidence from fads to prove 
that this procefs is capable of producing fuch ef- 
fefls, and aftually does produce them in cafes fo 
obvious that there is no room for doubt. Sauf- 
fure has obferved, with a view to the illuftration 
of this opinion, which he maintains, that thefe 
very appearances are found in ftalactites and ala- 
balter. Thefe confift of different layers, which, 
inilead of being in a ftraight line, are found 
with all thefe varieties of bending and waving 
which in the ftrata are confpicuous on a large 
fcale. IFor the produflion of thefe no juft cauf? 
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■Can be afligned but the cryilallization, iraper- 
feft as it is, by which thefe fubftances are form- 
ed, a caufe by which not only the figure, as 
Dr. Hutton has alleged, but likewife the ftruc- 
ture of bodies, is determined. It is obvious, 
that fince this is proved to be a fufticient caufe, 
the reafoning is nugatory which is founded 
merely on the difficulty of conceivin*; a priori 
how it fhould produce thofe effeds, becaule the 
anfwer is fulTicient that it adlually does fo. And 
although we may be unable to fay how cryrtaU 
illation fhould give rife to " the inflexion of the 
■*' firata, the fimpte curvature which they afleft, 
." and that paralJelifni of their layers which in 
.** all their bendings is fo accurately preferved*,'* 
yet we fee in the example quoted by Sauffure 
- that it can produce all thefe appearances, and 
therefore it may, on a larger fcale, be adequate 
to their produdtion in the mountains of the globe. 
The difference of magnitude cannot alter the 
■nature or powers of the procefs employed. 

In reality, fome caufe of this kind mull: even 
be had recourfe to by the Huttonian geologift. 
It is fuppofed indeed that the liratificaiion has 
been the efFetl of depolition from water; but 
this cannot be admitted ; for although the mate< 
rJaU of thefe lirata might at their depolition be 
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Or if it ftiould even be fuppofed, that ti(i 
J)ofitions of the ftrata indicate the exertion of an 
expanfive power from beneath, by which they 
have been elevated, luch a caufe, it may be re. 
marked, may be admitted into the Neptunian 
fyftem as not inconfillent with its principle!; J 
The general appearance of thefe ftrata proT^,J 
that, at the period of their formation, they had 
been fubjeft to the molt important revolutions. 
They have been disjoined from each other, the 
beds of rivers hollowed out, idands fcparate 
from the mainland ; and, in a word, have fufi 
fered every fpecies of fradlure and diflocatiofl. -■ 
No caufe can be afligned for thefe effecls, more 
probable perhaps than that of an expanlian 
produced from an accumulation of heat in tbB,_ 
interior parts of the globe, the power of whtcifc'fl 
has probsibly been fpent in their produftioti. '" 
No appearances in the elevation of thefe ftrata 
prove the peculiar tenets of the Huttotiian 
theory, that the ilrata thus elevated had t 
been fofed. or that a fubterraneous heat 1 
always acted, and ftill continues undiminlihet 
On the contrary, it has been demonfiraled, 
thefe propofitions are falfe, as being utterly i 
confiftent with the known laws of heat; andil 
will immediately be fhown, that, from fucfal 
caufe, the original horizontaiity of thefe &n 
cannot poOibly be explained. Were it tbei 
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Sandftone is found in beds or ftrata of very 
SifFerent degrees of thicknefs, generally hori- 
zontal in their pofition, or fomewhat inclined. 
Thefe are fuppofed by the Huttonian geologift 
to have been formed from matter depofited 
&om the ocean, and foftened by fubterraneous 
heat. But let him explain by what caufe in 
their fubfequent confolidation they have been 
■formed into diftind ftrata. It may perhaps be 
Taid to arife from the contraction of the mafs in 
tooling; and this appears to be the folution 
"Which the author of the theory gives : " The 
.^ contraiSion of the mafs confolidated by fufion, 

or the efFc(5t of fire, is the caufe of thofe na- 
■** taral diviOons in the ftrata*;" But why, it 
may be afked, are the rents horizontal? the di- 
'i^eftion of all others the moft unfavourable, from 
the gravity of the mafs ; and why do they pre- 
■ferve this direftion with fo much regularity to 
>fo great an extent ? Thefe circumftances clearly 
^prove that the parallelifni of thefe ftrata is that 
which they originally had from their depofition 
■ftom water. Between the different ftrata there 
■6re alfo often interpofedthin layers of earth or 
■clay, a proof that they had been formed fuc- 
ceffively, and that on each of them, fubfequent 
to its formation, this earthy matter had been 

* Theory otlht Earth, vol. ii. p. 58 
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icpofited ; that the whole had not hecn redu- 
ced into a foft or liquid mafs, which on cooling 
had fplit into horizontal beds, but that the ori- 
gina! (Iralification had been prefcrved. 

This is even admitted by Profeflbr Playfair! 
" In l)cds iiriandilone nothing is more frequent 
" than 10 fee the thin layers of fand feparated 
" from one another by layers ftill finer of coal- 
" ly or micaceous matter, that are almoftcx- 
" aflly parallel, and continue fo to a great es- 
" lent, without any fenfible diminution. Thefe 
" planes can have acquired their parallelifcn on- 
" ly in confequcncc of the property of waier, 
'* by which it renders the fur&ces of the layen 
** which it depofites, parallel to its own furfice, 
" and therefore parallel to one another *." But 
if this be admitted, the difficulty occurs in iti 
original force. If the fandilooc has been con- 
folidatcd by fufion fubfequent to its arrange- 
ment, how have tbefe divi6ons remamed diftiod, 
And prefcrv-cd their exaci parallcli&n r and bow 
has the intcrpofed clay efcaped confolidatioa ? 

pFCcitcly the fame diScultr ocean lo tbe 
primitiTc ftrata, which; though now Tcitktl 
have, according to tbe Hatrooian geok^itft, beea 
tmginatly horizonral. No particular fiid coidd 
be felc^ed more forcible in iUaftratiDe tfait di& 
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iculty, than one ftated by Mr. Playfair : " In 
" the micaceous and takofe fliifti, thin layers 
" offandare often found interpofed between 
" the layers of mica or talo. I have a fpecimen 
" from the fummit of one of the highell of the 
.'• Grampian mountains, where the thin plates 
** of a talcy or afbeftme fubftance are feparated 
*' by layers of a very fine quartzy fand not 
" much confoiidated*." Thefe kinds of fliifti 
having more or lefs of a cryftalline texture, 
muft have been nearly, if not completely, fufed, 
as is indeed allowed, and even fuppofed. How 
then have they remained divided into thin lay- 
ers, the parallelifm of which is preferved with 
Hiore accuracy, and to a greater extent, than - 
■even in the fecondary ftrata ? Or how, has the 
fand, interpofed between thefe layers, efcaped ■ 
toerfeft confoUdation ? If it were equally fuli- 
»Ie with the fhiftus, or nearly fo, it is obvious 
that it ought to have been vitrified' or aglutinat- 
fed, and of courfe perfedly confolidated. If it 
Spere lefs fufible, it is not lefs evident that it 
Bught to have been imbedded or cemented in 
she fufed fliiftus. Thefe ftrata are fuppofed to 
liave been originally horizontal. Suppofe the 
Srft or undermoft ftratum confolidated, over this 
lias been depofited a layer of fand ; the forma- , 

* IlluHrilions, &c. p. 1117. 
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tion of another ftratum of fhiilus b; fofion, tool; 
place above this ; But it is evident that the 
matter of this ftratum, fufed or foftened, muft 
by its mere weight have enveloped the paUicles 
of fand beneath it ; and when we refle<5t on the 
fucceffidn of thefe layers, the difficulty is much 
increafed : the heat exerted on the undermoft 
layers muft have been intenfe, and the preiQUre 
upon thefe at the fame time ^eat. .On no by- 
pothefis, therefore, agreeable to the HuttoniftQ 
theory, could fand, loofe or little confolidat- 
ed, be found between them, nor can the di- 
vilion of thefe layers themfelves be explained. 

If we confider this difficulty with regard ta 
ftrata of different kinds alternating with Qac^ 
other, the argument will be found to gain, if po£- 
fible, in force. By what caufe have the divi- 
fions between thefe different ftrata been produ- 
ced? The fuppofition of fucceiEve formation, 
which in the Neptunian theory fuUy account^ 
for fuch ail arrangement, can ia tl\e Huttonian 
have no place. Let us fuppofe matter to be de* 
pofited, fufed or fbfteued, and gonfplidat^d, ho^ 
is another ftratum of a different kind of matter 
to be formed above it ? Materials for it might 
be colleded, but thefe, according to the theory, 
cannot be confolidated without heat. The heat 
neceflary for this pdrpofe being applied from bq- 
neath, mu(l operate with ftill more fc^ce on the 
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ftratum oo which thefe loofe materials lie, and 
in innumerable cafes mud completely fufe it, 
fince in the various portions and alternations 
of the ftrata, the lefs fufible are often placed 
over thofe which are more eafily fufed. There 
is no provifion therefore made in this fyftem for 
the formation of a number of Hrata fuperin- 
cumbent on each other. The upper ftratum 
cannot have been lafl: formed, becaufe the heat 
necellary for its confotidation mud have fufed 
thefe beneath, and the materials of it would of 
courfe link, and be imbedded in the fufed matter, 
before they could be confolidated ; The under 
ftratum cannot polDbly have been formed, and 
raifed fo as to be applied precifely to the one 
above it, and this through an extenfive feries: 
And laftly.the formation cannot be fuppofed to 
be fimultaneous, for no caufe can be given why 
by the neceflary degree of heat the whole fhould 
not have been homologated, or how they Ihould 
afterwards have feparated into diftind horizon- 
tal ftrata of the greateft extent, of different ma- 
terials, and of various degrees of fufibilily and 
ftales of induration. 

In examining the aiflual pofitions and con- 
neiflions of the ftrata, thefe difSculties might be 
abundantly illuftrated; but to avoid a tedious 
difcuffion, it may be fufficient to notice only a 
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few of thefe io which tbey are placed in the 
cleared light. 

No alternation is more frequent that thut of 
calcaceous and argillaceous (Irata. To account 
for their confolidalion, the Huttonian fuppofcs 
them to have been in a fufed or foftened dale; 
but if they ever were in Inch a ftate, they mud, 
from the attraction between the earths compof- 
ing them, have combined, arid an entire homo- 
geneous raafs, not a number of dillindl; alternat- 
ing ftrata, muft have been formed; or at lead 
■where they were contiguous, they muft have 
united, and every trace of the original ftratifi- 
cation have been obliterated : yet fo far from 
there being any union of this kind, the line of 
feparation is perfeiftly diftincH:, frequently fo 
much fo that they are not in firm adheJion, 

Another alternation extremely common M 
that of limeftone with argiUite, the alternal 
being continued through an extenfive ferififc 
One of thefe mull be lefs fufible than the other; 
and as they alternate, it is a matter of perfeft 
indifference in tljp argument which of them is 
fuppofed to be fo. Let it be fuppofed, as is pro- 
bably the fact, that the limeltone is the lead 
fuQble : A ilratum of it may be confidered as 
commencing the feries : on it the materials of 
theargillite have been depoGted from the ocean, 
and as thefe are fuppofed to be more fufible 
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^%!ian the limeftonc, it is poffible that the central 
heat may have operated through the Utter, 
without fuling it, and have confolidated the for- 
mer. But above this lUatuni of argiUite is an- 

' other ftratum of limeftone. How could it have 
-been confoiidatcd ? By the iuppofition made, the 
argillite is more fufible ; the central heat could 

' not therefore operate through it, fo as to confo- 
lidate the materials of the fuperior limeftone 
without fufing it, and from this fufion the ma- 
terials of the limeftone ought neceflarily to have 
been imbedded in the argiUite. And when we 
confider that an alfernation of this kind is often 
found in an extenfive feries, by which both an 
intenfe heat and a great preifure muft have been 
exerted on the lower parts, it is obvioufly im- 
poffible that thefe different ftrata could have 

'' been confolidated by a central heat, fo as to be 

' kept diftinfl. 

Strata of rock-falt are fometimes covered by 
ftrata of fandftone, or limeftone. The Hutto- 
nian geologift muft fuppofe that this fandftone 
has been confolidated by the central heat ading 
through the rock-falt below it. But this is 
plainly an impoflibility. The fait is a fubftance 
comparatively very fufible, as it can even be 
volatilized by the heat of a coarfe pottery fur- 
nace, while fandftone is very infufible. The heat 
neceffary therefore to foften fandftone, in this 




poiition, muft have melted the fait iieneatfa ; and 
as this latter Aibflance is of a much inferior fpe- 
cific gravity, the fandftone muft have funk ia 
it, and the arrangement obferved in nature could 
never have been produced. 

Laftly, we find in innumerable cafes ftrata 
more iraperfedlly confolidated than others above 
them, and of courfe farther removed from the 
confolidating power, though the difference can- 
not be afcribed to any difference in the fufibility 
of the fubftances compofing them. An example 
will place this in a clear light. In a fedion of 
the ftrata at Newcaftle, coal is found at the 
depth of 102 feet. Over it is a bed of black 
clay 13 feet thick, with impreffions of ferns in 
its fubftance ; above this, another bed of harder 
chy 16 feet in thicknels. The ftratum incum- 
bent on this is a hard quartzofe fandftone, wittl 
fpecks of mica, 25 feet thick ; and this is agaia 
covered by clay. Now how could this fandftone 
have been confolidated by the fubterraneasj 
heat, while fo many feet of clay beneath it, ani. 
of courfe nearer the operation of that heat, ha( 
not even been indurated ? We may pronouncj 
it impoflible that it fliould be fo. Nor is th) 
example uncommon : there are many fimilar f 
it, and even lefs favourable, as the banks of cla; 
extend to 80, 100, or more fathoms, in thic] 
nefsjWithperfeftly confolidated fandftone above;' 
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and this is divttfified with alternations of lime- 
ftone, gypfum, coal, and a great variety of other 
fecondary ftrata. It is not poffible to conceive 
an arrangement which more clearly indicates 
their origin, that thefe are fucceffive dcpofi- 
tions from water, varying in their confolida- 
tion, from the diSferent forces of aggregation ex- 
erted between the particles of each ; and that 
they have fuffered no other change to fubvert 
or modify their original ftratification. Could 
the Huttonian geologifts bring forward fadts fo 
forcible againft the Neptunian theory, it might 
juftify the triumphant tone in which they have 
fometimes conducted the controverfy. 

The truth is, that the Huttonian theory has 
in this part tacitly affumed the explanation of 
the Neptunian fyftem, — that (Iratification is the 
effedt of fucceffive depofition from water. Nor 
has it been obferved, that the aflumpcion is ob- 
vioufly incompatible with its principles; fince by 
the fubfequent fulion, the original arrangement 
muft have beea deftroyed. The aiftual pofitions 
of the ftrata are alfo totally irreconcilable with 
the notion of their confolidation having been 
effeifted by fuGon, as is evident frota the inftan- 
ces pointed out ; the Huttonian fyftem there- 
fore has the Angular infelicity of faihng to ac- 
count for the firft and moft important of all the 
fa^s which are the fubjecl of a theory of the 
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earth, — the general ftratification of the mated! 
rials at the furface of the globe. 

It remains to confider the explanation given 
in the Huttonian fyftem, of the appearances of 
the uNSTRATiFiED ROCKS. Thefe are principally 
granite, and the different varieties of porphyry,, 
bafalt, trap or whin, foffils, which, befidea their 
common charafler of in general not being ftia* 
tilled, graduate into each other. 

It has ufually been believed by geologifls, 
ihat the principal uptks cf this clafs are the moft 
ancient in the globe. Granite, in particular, is 
coniidered as the bafe on which all others reft.; 
and therefore as of priof formation to the others. 
J)t. Hutton holds precifely the oppofite opinion, 
that thefe rocks are of lateft formation, or po- 
flerior to the ftrata, whether primary or fecond- 
ary, which are incumbent on them. 

The formation of thefe rocks, in the Hutton- 
ian fyftem, is afcribed to the eruption of melted 
matter from the internal parts of the earth, a- 
mong the fuperincumbent ftrata. It is conceiv- 
ed, that, by the fubterraneous heat, which is al- 
ways aflive, an immenfe quantity of matter is 
Jjcptin a melted ftate; that where the expanfive 
power of this heat is increafed to a certain point, 
the fuperincumbent ftrata are heaved up, and a 
portion of this melted matter ejeded ; and that 
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this, when confolidated by cooling, forms gra- 
nite, porphyry, bafalt, or trap, according to the 
compoBtion of the matter which has heen in 
fufion. 

The arguments for the igneous origin ofthefe 
rocks, from their properties, are afterwards to be 
confidered : At prefent we are to notice thofe 
drawn from their politions. 

The principal one of this kind, and on which 
much is faid by. the defenders of the Hultoni^jn . 
theory, is that of veins of thefe unftratified 
rocks, at lead of whin and granite, running into 
the neighbouring ftrata. It is admitted, that 
> Veins are pofterior in formation to the ftrata ia 
which they are found ; and this appearance, 
therefore, of veins of whin and granite enter- 
ing thefe ftrata, prove, that the former have 
been lafl formed. It is.fuppored, that the mat- 
ter of thefe had been injeded, when in a fluid 
flate, into rents and cavities of thefe ftrata, and 
when confolidated, had given- rife to thefe ap- 
pearances. And, as thefe veins often proceed 
from immenfe mafles of whin or granite, or are 
connefled with them, it feems to follow, that 
thefe raufthave had the fame origin, 

Thefe phenomena are explained by the Nep- 
tunift, from the fad, that granite is of different 
formations. In the Wernerian theory, granite 
is confidered as the rock to which the title of 
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ffimiiivA moft llridly belongs, as bSil 
in formation to gneifs, micaceous Ihillus, and 
bthcrs of the fame clafs. But, although its po- 
fitions with regard to thefe ftrata generally indi- 
cate it to be fo, yet in particular tnflances we are 
compelled to admit that it has been of later for- 
mation. Thus it is fometimes found, that a ftra- 
tum of granite is incumbent on thefe other 
rocks, or alternates with them, which proves 
that it muft have been pofterior to them in for- 
mation. Specimens have alfo been found of 
granite, in which are contained pieces of gneifs, 
and even argillite, a demonftration of the fame 
fa£t. This diverfity in the times of formation 
of thefe rocks holds indeed with refpedl to them 
all. When it is faid that granite is older than 
gneifs, and gneifs than micaceous fhiftus, it is 
not meant that it is univerfally fo, but only gc- 
aerally, and not without exceptions, in each or- 
der of thefe rocks. This being eftabllfhed, the 
phenomena of granite veins penetrating the 
other ftrata, are eafily explained; it belongs to 
the clafs of fads now ftated, which prove, 
that, in fome cafes, granite is of later forma- 
tion than the other rocks named Priipitive. 
According to the Wernerian theory, veins were 
originally fiifures in rocks or ftrata, which hap- 
pened while thefe were ftill covered with waM 
holding certain matters in folution, and ' 
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filled by thefe matters being depofited or cry- 
llallized. It is conceived, therefore, that, in this 
manner, granite may have been introduced into 
fi0ures of the primitive ftrata. 

Profeflbr Playfair has obferved, that this di- 
ftindlion between granite of early, and that of 
recent formation, is purely hypothetical. " It 
•' is," fays he, " a fidlion, contrived on purpofe 
*' to reconcile the fad here mentioned with 
" the general fyftem of aqueous dcpofition, and 
" has no fupport from any other phenomena *." 
From the fadts above Jlated, it will be obvious, 
however, that it is rather a direft inference from 
phenomena ; and the reafoning by which it is 
deduced is ftriftly analogous to that by which 
other geological conclufions are eftabliflied. 
In all veins there are obferved undoubted marks 
of different dates of formation, both with re- 
fpeft to each other and to the lirata ; and there 
are no grounds for fuppofing that granite veins 
are an exception. ThealTumpuon, that the gra- 
nite in mafs, and that in veins, are the produc- 
tions of different periods, is fupported by other 
fafts than thofe from which it is deduced ; thus, 
it is obferved, that in many cafes, the granite in 
veins is different in its properties from the other. 
Nay, this point may be determined by an ap- 
peal to the authority of Mr Playfair himfelf. 
He admits, that whinftone, into which granite 




graduates, and which belongs to the fame claft 
of rocks, is of different formations : " Thefe iin- 
*' ftratified rocks, dillinguifhed by the name of . 
" whinftone, are not all the work of the Oanttti 
" period; they dil!er evidently in the date i^l 
" their formation ; and it is not unufual to find 
" tabular mafles of one fpecics of whin inter- 
" faded by another*." Now, as this is admitted, 
with refpecl to whin, the probability of its be!H 
ing the fame with refpedt to granite can fcarco*' 
ly be denied, fince, in the Huttonian fyftem, ■ 
thcfe two fpecies of rocks are believed to be 
formed in preciiely the fame manner. Not 
only is there this prefumption, but the very 
faft which is Hated by ProfeiTor Playfair, as 
proving the different formations of whin, is true 
with refped: alfo to granite. It has often been 
obferved, that ftrata of granite are interfecled 
by veins likewife of granite, which are dilltn- 
guifhable, however, from the rock in which 
they run, by being of a ditferent colour or grain. 
All veins are admitted, by every raineralogift, 
to be pofierior in formation to the ilrata through 
which they paG ; and, hom Mr. Playfair's own 
reafuning, which, in this cafe, is perfectly juft, 
this tad mult be admitted as decifive proof that 
thefe granites are not the produdion of the 
famepe;_iod. 

Granite, theiefore, it may be confidercd 
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proved, is of different formations ; aniTfiie atl- 
tniflion of this propofition affords a folution of 
the phenomenon of granite veins, to which there 
is no objection. 

The farae folution may be given of the veins 
of whin found in the ftrata; as it is admitted to 
have been formed at different periods, it is evi- 
dent that thefe veins may be accounted for from 
its being of recent formation. 

It has been ftated as an argument in favour 
of the igneous origin of thefe rocks, that where 
they come in contaft with the ftrata, or where 
Teins of them penetrate thefe ftrata, the latter 
are indurated at the point of contadt. This is 
ebferved particularly in whin, and it is confider- 
ed as a proof of the whin having been introdu- 
ced in a melted ftate, and having, by its heat, 
confolidated more perfcdly the matter of thefe 
ftrata. *' Whether fandy or argillaceous, they 
" are ufually extremely hard and confolidated ; 
" the former, in particular, lofe their granulated 
** texture, and are fometimes converted into 
•' perfedl jafper *." 

Thefe, and other alterations which the ftrata 
fuffer, are afcribed, by Werner, to the aftion of 
the folvent filling the vein. This will percolate 
to a certain extent through the neighbouring 
rock, and, by afling chemically upon it, a*; 

• (lluftwioni, &c. p. 73. 
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Verner foppofe, or perbaps by dcpofitlng pait ' 
of the mailer h has in Iblution. maj- sltec its 
ftppearaoce and properties. Thus, in the pre« 
fent example, if, into 3 fiJTure in a ftralum of 
Jandftone, the fiuid, holding the niatter of trap 
in folution, were introduced, it would percolate 
to a greater or lefs extent through the fandtlone, 
srhich is geoeralij porous, and the matter de< 
pofited in the fandiione by this percolation 
inight give it the hardnefs of jafper. Jarper is 
precifely fuch a foiOl as might be especled to 
originate firom an adnusture of tfai:> kind, as it 
confitls of lliiceous, wi:b a large proportion c 
argillaceous, earth. 

This explanation, as an hypothefis, is { 
cicntly probable, and the great proof that i 
juft, is, that thefe alterations in the neighbour- 
ing rock are frequently fuch as the Huttonitn 
theorifl cannot esplain, on the fuppoGtioajai 
the matter of the vein having been in a fulo^ 
ftate, and having acted by its heat. They am 
not always induration, but often a change pre- 
cifely the rcverfe. Thus, when veins run through 
granite or gneifs, tbe felfpar is cften changed 
into kaolin or fine clay, as it is by expofure to 
airand moifture; the mica is alfo decooipofed, 
and in ficnnite the hornblende, lb that in the 
Jatrer a green friable earthy matter is producu 
" The mountain of Scbarfenberg is of red g 
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nite, Tcry hard, and of an equal grain; k is 
•* traverfed b^ metallic veins, of which the £^an- 
•* jH^ is white or reddilli quartz, calcareous fpar, 
" and white clay. The granite is commonly 
•* much decompofed along thefides of the veins ; 
" neither its felfpar nor mica arc to be found j 
*' thefe two fubftances are fupplied by a grey 
*• clay, and a green earth, of the nature of ftea- 
•' the : this decompofition extends ten or 
'•* twelve inches on each fide of ihe vein ; be- 
*• yond this the granite refumes its ufual ap- 
" pearance. Sometimes a lliillofe rock is chan- 
* ged into a foft clay, which forms a border 
'* fome inches thick along the fides of the 
•• Tein *." 

It is obvious, that thefe are changes preclfely 
Oppofiteto what would have been produced by 
teat, while they are fuch as might have origi- 
nated from the percolation of a fluid, and are 
tbofc, indeed, which are produced by expofure 
to moifture. If we iliould, therefore, refer the 
change produced by veins of whin on tlie flrata 
of fandftone to a different caufe, we fliould at 
once lofe all unity of theory, and relinquilh a 
principle capable of affording a fatisfaflory ex- 
planation. The appearance in fandftone is one 
whith may juitly be afcribed to the fame caufe 
that has produced the change in the granite or 
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gneifs; and its particular nature may be afcribei 
to the peculiar aiSlion of the percolating fluid, 
and the nature of the fandftone itfelf. The con- 
traft between the two hypothefes is evident : the 
Wernerian explains from one principle all the al- 
terations in the rocks contiguous to veins ; the 
Huttonian explains only owj^tfc^fj of alteration, 
while there are others not only inexplicable, bi 
inconfiftent with the fuppofition by which tl 
one is folved. 

In fome cafes alfo it appears that the fornja- 
tion and filling of veins have been nearly fimul- 
taneous with the confolidation of the (Irata ; and 
in fuch cafes, Werner has remarked that the 
gangue participates confiderably of the natuce 
of the rock, and the rock in Its turn is more 
impregnated with the matter of the vein. If 
this has been the cafe with fome of the veins ol 
■whin in the ftrata, the intermixture, and tbe 
induration arifing from it, might be more com- 
plete. 

The induration which is obferved where beds 
of whin come in conta<5t with ftrata of fandftone, 
may be explained on the fame principle ; cither 
from the percolation of the fluid loaded with 
particles of whin, or from a degree of intennix- 
ture from a formation nearly fimuUaneous. The 
fame explanation may be given of the indura- 
tion of fragments of fandftone fometimes found 
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IT veins of *hin, as thefe are in a fituation Jrt 
which [his percolation mull have taken place 
to the greatcft extent. 

Another faft may be added, which proves 
that this induration mufl in all thefe cafes be 
sfcribed to foine fuch caufe : It is. that fandftone 
Ib often highly indurated when in contact: with 
fubftances where the caufe ailigned by iheHut- 
tonian geologift, — the apphcation of a ftrong 
heat, could not have adted. Sandtlone much 
indurated, it is obferved by Mr. Jamefon, is 
often found covered by clay and wacken*: and 
it will not be affirmed that clay, by any heat it 
ever had, could caufe the induration of the (Ira- 
tum of fandrtotie on which it is incumbent, 
while by the operation pointed out in the pre- 
ceding explanation, fuch an eSe&. may have 
been produced. 

Dr. Hmton obferved that where veins of whia 
run into (trata of coal, the coal contiguous to it 
is frequently found changed in its properties. 
" It has loft its fuiibility, and appears to be re- 
" duced nearly to the (late of ctike or charcoal :" 
a change which is afcribed to the melted whin 
having by its heat expelled the bituminous mat- 
ter of the coal. The faft does not always cor- 
refpond with this obfervation, but is fometimes 
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the reverfe. But where it does occur, it iftaj, 
in common with other alterations of the ftrata 
by veins running through them, be afcribed to 
the operation of the fluid by which the vein 
was filled. This percolating through the coal 
might be capable of producing changes in its 
compofition and properties ; it might depofite 
q portion of earthy matter which would render 
the coal lefs inparamable : and when we conli- 
der that a fimilar caufe can occafion the de- 
compofition of felfpar, mica, and hornblende, 
there is no improbability in the fuppofition that 
it might carry oft", or caufe the decompoiitlon of 
the bituminous part of the coal. To either oc 
both caufes may be owing the change in tbe 
properties of that fofiil, h 

This fact is important in another point 4l 
view, as it may probably lead to a demonstra- 
tion of the falfity of the Huttonian hypoihefis. 
The difference between whin and lava is faid 
to be, that the former has been in fufion under 
an iramenfe compreflion, while the latter ha» 
been in fufion at the furface ; and this ditference 
is dated as the caufe of fome peculiarities in the 
one compared with the other. It is given as 
the caufe of tbe lava being more or lefs cellular 
or porous, while the whin is folid, as in the latter 
the air had been retained, which in the former 
had efcaped; and likewife as the caufe of the 




■ftlilfl Containing calcareous Ipar, While the taV4 
does nor, ihe compreffion prefent in the fuiion 
of the former having prcvenied the expulfion 
of the carbonic acid. It is admitted, therefore, 
that wherever whin has been in fufion without 
this coinpreflion, it ought to airume rhe precife 
charaders of lava ; it ought-to be ftiore or lefs 
porous, and ought to contain no carbonate of 
lime. Now in the fad above Uaied, with re- 
fped to the coal, it is alTumed that compreffioti 
liad not been prefent, as the coal had allowed 
its bituminous matter to be expelled. It will 
Hot be contended that compreffion could be re- 
moved from the coal, and prel'ent on the melted 
whin, at the diftanceof a few inches. If there- 
fore any carbonate of lime Ihould be found iti 
the whin in fuch a fituation, either in its com- 
pofition, or in a fcparate cryftallized rtate, fand 
the probability is, that it will be found ;) or even 
if the whin ihould not differ fomewhat in its ap- 
pearance from common whin, and approach to 
lava, we fliall obtain unanfwcrable demonftra- 
tion of the falfity of fome of thofe fuppoQtions 
which conilitute the Huttonian theory. 

Again it is ftated, that " the diliurbance of 
•' the Itrata, wherever veins of whinftone a- 
" bound, if not a dired proof of the original 
" fluidity of the whinllcne, is a clear indJcatioa 
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' of the Tjolcncc with which it was intzodaced 
• into its place *." 
But thai fuch appearances are not effefls ofc- 
dTarily produced from the InTafion of the fttata 
r ftttzms of melted wfa:ii. ^nd do tberefore not 
indicate fuch an inTaiion, is prored by there be- 
ll^ frcq-oenlly no Ggns of diAurbaDce whatever 
accompanyi-<g veios eiiber of this rock or of 
granite. Veins of whin tniTerfc coal witbooc 
any d tlocation of the bed of coal ; and veiDi 
[ gianite are often unaccompanied by theft 
uks of violcrce which might be expeded 
I its irruption i ito the neigfabounDg ftrata. 
i sbicDce of tbel'e in many cafes aSbnIs an 
' aigumcQt at leaft eqiuTalect in foicc to tlidr 
prefesce in otbea ; and indeed, even where 
tbey do occur, it is admitted that they do not 
jroTe the otigioal fluidity of the£e taaSa. 

In the Nsptuniaa lytteni there is no difficulty 
D explaining all tbele appearances, and {btnc of 
them aie even thited by Werner as proo& of 
his tbeocy of veins. According to that theoiy, 
■ the figures in rocks and ftrata, which, when fiib- 
fequeotly filled, form veins, hare in general 
■nlen frooi an unequal fubfideoce of the rock 
I is which they are found, one part o£ it trom a 
difiereace in its height, io the materials compol- 
iog it, or in the want of tuppart frotn contiguous 
rocks having liink more than the other. It is 



[ 137 ] 

[ous, therefore, that the rock on the one fide, 
of the fiflure produced by I'uch a caufe, will be 
lower than the rock on the other, and hence 
the Ihifting of the ftrata obferved by the fides 
nof veins. Thefe finkings of the ftrata, producing 
[Xuch filTures, have alfo taken place at various 
'times, as is proved by feveral faifls in the ap- 
pearances of veins, particularly by that of one 
iTfein crofling another ; and from this circum- 
stance the dillurbances fometlmes prefent are 
■eafiiy accounted tor. If after a vein was formed, 
a new fubfidence had taken place in the rock 
-in which it was fituated, it is evident that diflo- 
cation, both of the vein itfelf, and of the conti- 
guous parts, mult have taken place to a greater 
•or lefs extent. 

It is to be obferved alfo, as a fafl: highly fa- 
vourable to the Neptunian theory of thefe dif- 
turbances, that the filTures where thefe flips or 
heavings of the llrata take place, are frequently 
filled with fubftances, fuch as foft clay or fand, 
which cannot be fuppofed to have been ejeded 
with any projeflile force, or to have produced 
any alteration of the exilling arrangement by 
the violence of their introdu(3ion. 

It is further ftated, that when whin is found 
•interpofed in tabular mafles between beds of 
gratified rocks, '* it is not uncommon to find 
•' the ftrata in fome" places contiguous to the 




" Vrhin, elevated, and bent, with their eoncairrty 
•* upward, lb that they appear clearly to have 
" been afled on by a force that proceeded from 
" below, at the fame time they were foftened, 
** and rendered in forae degree flexible *." An 
appearance of this kind, however, might equally 
be produced from the fubGdeace of certain parts 
of the ftrata while they were foft and yielding, 
as from the elevation of other parts of them j 
and confequentiy, fuch an appearance affords no 
certain indication of the nature of the caufe tbl^| 
has operated on them. H 

The laft argument, from the pofition of whiD, 
is thus Hated by ProfelTui Playfair: " If it be true, 
*• that the mafles of whin thus interpnfed among 
** the llrata, were introduced there after the 
* formation of the latter, we might expefl to 
" find, at leart in many inftances, that the beds 
" on which the whmi'rone refts, and ihofe by 
** which it is covered, are exaiflly alike. If 
" thefe beds were once contiguous, and have 
" been only heaved up, and leparated, by tha 
" irrupiiou of a Jiuid mafs of lubterrancous la- 
" va, their identity Ihould ftill be retognifed, 
** Now, this is piecifely what is obferved ; it is 
*• known lo hold in a vaft number of inilances, 
** and is ttnkingiy exemplified in the rock of 
** SLtldbuiy Craig, near £dinburgh. 
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" The fimilarity of the ftrata that cover the 
' maflcs of wbinftone, to ihefe that ferve as the 
' bafe on which they reft, and again, the diffi- 
' milarity of both to the inlerpofed inafs, are 
' fa(5ts which I think can hardly receive any 
' explanation on the principles of the Nepta- 
' nian theory. If thefe rocks, both ftratified 
' and unftratified, are to be regarded as pro- 

* dmSions of the iea, the circumftances would 
' require to be pointed out which have deter- 
' mined the whinftone, and the beds that are 
' all around it, to be fo extremely unlike in 
' their ftrudure, though formed at the fame 
' time, and in the iminediate vicinity of one 
' another; as a!fo thofe circumftances on the 
' other hand, which determined the ftiitificd de- 
' pofites, above and below the whinftone, to be 
' precifely the fame, though the times of their 
' formation muft have been very diflerent. The 

* homogeneous fubftances thus placed at a di- 

* ftance, and the heterogeneous brought fo 
' clofeiy together, are phenomena equally un- 

* accountable, in a theory that afcribes their 
' origin to the operation of the fame element, 
' and that necellarily dates their formation ac- 

* cording to the order in which they lie one 

* above another *." 
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The argument U here flrongly ftated; but 
nothing is more eafv than to (bow that it is 
equally conclufiveagainil the Huttonian theory; 
that the ditSculty which is urged is a particolar 
example of one more general, which is common 
to both. In the view which is prefented to vs. 
our attention is confined to the alternation of 
vbin with the Gratified rocks ; but all that h 
&id applies with the fame force to the altetna- 
tion of the flrata with each other. Tbefe, ao 
cording to both theories, are formed in the fame 
llianDcr ; and the general difficulty prefcnts 
itfelf, bow we {hall account for a llratum of a 
particular kind being formed, for the formation 
of it being tntcmjpied, while one of a dif- 
ferent kind is produced above it ; and for the 
formation of the hdl being again refumed, fo 
that it (hall be precifely iimilar to the one be- 
neath, though it is cut otf from all communica- 
tion wiih it, by the llratum of a dilferent kind 
which is interpufed. This will be rendered 
evident by an illullration : Among the vertical 
flrata, micaceous (hil\us and flaie frequently al- 
ternate with each other; according to the Hut- 
tonian theory, ihefe, previous to their elevatioD, 
were in a horizontal polltion ; the micac< 
(hillus, fuppofe, is undennoll, and muft ban 
therefore been firlt formed ; over this is tlH 
Ihte ; and again, above this, is the micaceooi 



fiiiflus, the fame as beneath. In this cafe, it 
cannot be fappofcd that the flaie has been in. 
troduced in fufion between the two iirata of 
flitllus, for there is frequently an extenfive feries 
of alternations, and both of ihefe rocks are con- 
iidered, even in the Huttonian fyftcm, as ftra- 
tified, and of the fame fnrmation, We have 
here, therefore, the difficulty which ProfeObr 
Playfair fo ftrongly urges, of accounting for 
the fimilarity of ftrata between which another 
is imerpoled, and the diflimilitude of thofe to 
this interpofed mafs. In the ftrata which re- 
main horizontal, the cafe is precifely the fame. 
An alternation which not unfrequently occurs, 
J9 that of limeflone with argiUite. The ftrata 
of limeftpne, between which the argillite is in- 
terpofed, are alike in their properties ; yet it 
will not be fupp.^fed that thefe ftrata have been 
divided, by the argillite having been introduced 
between theni in fufion. They mud be admit- 
ted to be of fiicceflive formation; and the ar- 
gument of the learned Profeffor may, in this 
cafe, be direfled with its full force againft his 
own fyftem ; for, if they have been formed in 
the fame manner, aB is admitted, what caufe can 
have determined the formation and dcpofition 
of the argillite, between the formation of the 
ftrata of limellone ? and how Ihould ihefc latter 
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tbe latter has been thrown up in a fufed ftatcT 
and has invaded the others, filling up every ca- 
•vity. According to this view of the fubjeft, 
it is evident that the line of diftindlion between 
them fliould always be well marked. A flight 
alteration might take place in the appearance 
or hardnefs of the flraiified rock, from the heat 
of the melted matter brought into contaiS with_ 
it ; but there (houM be no fuch thing as an i 
perceptible gradation or tranfition of the ( 
into the other, while, if both are formed in the" 
iame manner as the Neptunian theory fuppofes, 
fuch a gradation is not more than what mighl 
be expeded occafionally to take place. 

This tranfition, therefore, of the unftratifia 
into the ft;ratified rocks being fo unfavourable 
to the Huttonian hypothefis, is attempted to 
be denied : " If, in thefe inftances, (fays Mr. 
" Playfair) the gradation were infenfible, aslbtne 
" have alTerted it to be. between the flrata and 
" the inierpofed mafs, fo that it was impoffible to 
" point out the line where the one ended and the 
" other began, whatever difficulties we might 
" perceive in the Neptunian theory, we fhould 
" find it hard to fubftitute a better in its room. 
** But thetruth feemstobe.that,in the cafes we 
" are now treating of, no fuch gradation exifts; 
" and that, though where the two kinds of rock 
" conje into contad a change is often obferved, 
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by the ilrata having acquired an additional de^ 
" gree of induration, yet the line of reparation 
" is well defined, and can be precifely afcertain- 
*' ed. This is at leafl certain, that innumerable 
** fpecimens, exhibiting fuch lines of feparation, 
*' are to be met with; and wherever care has 
" been taken to obtain a frefti fradlure of the 
" ftone, and to remove the effefls of accidental 
" caufes even where the two rocks are molt 
" firmly united, and moft clofely aflimilated, I 
*' am perfuaded that no uncertainty has ever re- 
" mained as to the Une of their feparation. For 
" thefe reafons, it feems probable that the gra- 
" dual tranfition of bafaltes into the adjoining 
** Ilrata, is in all cafes imaginary, and is, in 
" truth, a mere iUulion, proceeding from hafty 
" and inaccurate obfervation *." 

The obfervations, ho\*ever, hy which the 
tranfition of the unftratified into the ftratlfied 
roclts are eflablilhed, reft on authorities too un- 
exceptionable to be overturned by an aflertion 
of this kind. They are eftabliflied on the au- 
thority of Werner, allowed to be the moft fkil- 
ful mineralogift of his age, and whofe obferva- 
tions, becaufe they run counter to the views 
ol the theorift, are not to be termed hafty and 
inaccurate, or mere illufions ; and they are fup- 
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^6Wft8 >)y A* Authorities of SaufeiH;, Chitflto- 
iTer, S.eufs, and other geoibgifls of the bigheft 
character. Proftflbr Playfait indeed, in a great 
iheafure, recalls, in a fubfequenl l)art of his 
■ftork, the affertion that has been quoted. " 1 
** am difpofed,'* fays he, " to make fome Uinita- 
** tion to what is faid iti \ 72, whete I bavfc luc- 
** pirelKed an abfolute increduUty as to fuch tran- 
" fitions as are here "referred to. The great fkill 
" and experience of the mineralogill who has 
•' defcribed the ftrata at Scheibenberg, do not 
" allow us to doubt of his exaflnefs, thougb 
*' fome of the appearances are fuch as decoin- 
" potition artd ftearing might Well enough be 
'■ allowed be fuppofed to produce." The man- 
iier in Which this acknowledgment is expreited 
fufficiently /liows the reludance with whicli the 
iad is conceded. It is indeed one which bears 
with the utmoft force againfl: the Huttonlah hy- 
potbefis of the unftratified rocks, and whicb Is 
but feebly obviated by an improbable fuppo- 
Etion. 

The obfervations of Werner eRabli'fhing tbis 
tranfilion of bafalt into flratified rocks, are of 
the firll importance, and his rea'foning from theffi 
convincing and juft. At the boccom of the hill 
ot Scheibenberg, be obferves, " there is firft a 
« thick bank of quartzy fand ; a-bove that, a bed 
" of clay i then a bed of the argillaceous ftone 
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•• Jitined wicten ; and upo« this lay rtie bafelt. 
" When I faw the three fiiil beds running aimolt 
" horiiontaUy under the bafalt, and forming its 
" bafe, the fand becoming more fine above ; 
" then argillaceous, and st length changing in- 
" to real clay ; as the clay was convened into 
•* wacken in the inferior part ; alMl finally the 
" wackcn into bafalt ; — in a word, when I found 
** a perfedl tranfition of pure fand into argilia- 
** cious fand, of this into fandy clay, and of the 
" faa^dy clay, through many gradations, into fat 
** clay, wacken, and laftly bafak, — I was irre- 
" liHibly led to conclude, (as every impartial 
** judge, ftruck with the confequences of that 
" phenomenon, would have been) that the 
" bafalt, wacken, clay, and fand, are of one 
*' and the fame formation ; they are all the ef- 
" feflof a precipitation by the humid way, dur- 
" ing one and the fame fubnierfion of this coun- 
" try; the waters which covered it brought at 
•* firft the fand, afterwards depofited the argil, 
"^ and changed gradually their precipitation in- 
** to waicken, and laftly into true bafak." 

After again ftating fome renvarks, to ren- 
der doubtfid, if poflible, the obfervalions of 
Werner on tbefe tranlitions, which iliew the 
anwilltngnefs with which they are admitted, 
Profeflbr Playfair propofes an hypothelis, to ac- 
count for them on the Hutionian f/flem: " It 
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** is certain," fays he, " that the bafis of whin- 
" (tone, or the material out of which it is prc- 
" pared by the aftion of fubterraneous heat, is 
" clay in fome ftate or other, and probably in 
" that of argillaceous (hiftus. It follows of 
" confequencc, that argillaceous fhiftus Taajfrn 
" by heat, be converted into whinflone. Whefl|fl 
*' therefore, melted whinftone has been poured 
" over a rock of fucb Ihilius, it may, by its 
" heat, have converted a part of that rock iq- 
" to a ftone fimilar to itfelf; and thus 1 
*• now feem to be united, by an infenfiblc g 
'' dation, with the ftratum on which it is in- 
*' curabent; and phenomena of this kind may 
*' be expected to have hid" really happened, 
" though but rarely, as a partiular combina- 
*' tion of circumftances, feems neceffary to pro- 
" duce them*." 

The conclufions here follow each other w^'| 
great rapidity, as if they were obvious and nir- 
deniable ; yet the whole is a feries of hypothefcs 
brought forward to reconcile, if poflible, the 
faifl of the gradation of thefe rocks %vith the 
Huttonlan fyftem, but unfupported by any 
proofs, and even improbable in themfelves. It 
Ib not proved, or rendered probable, that whin 
is formed by fire from argillaceous ibiftus. On 
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I the contrary, the compofition of bafalt is pecu- 
liar, as according to the analyfis of it by Br. K.en- 
nedy, it contains a quantity of foda, which is 
comparatively a rare ingredient in the mineral 
kingdom. Though it were proved, it is not ar- 
gillaceous flTiftus. but unconfolidated clay thafi 
the bafalt could have come info contaA with 
in thefe ftrata j and let Profcflbr Playfair endea- 
vour to eltablilh his hypothelis, by converting 
clay into bafalt by the application of heat. 
Nor, laftly, if the circumftances M'cre of tho 
molt favourable kind; if even the ftraium with 
which the bafalt was in contact, was adually 
the material from which bafalt Could ba 
formed ; the heat of the ftratum of fufed bafalt* 
fuppofed to be introduced, could not be fuffici- 
ent to convert a large bed of it into wacken^ 
We know that the heat neceflary to fiife bafalc 
is very corifiderable ; we obferve, that at the 
jundlions of whin with the llrata, there is often 
Jcarcely any change, and where any is percept- 

. ible, it does not extend above a few inches. 
What circumlliances, therefore, could have been 
prefent, which enabled this rtream of fufed 
bafalt to convert, by its heat, a large bed of clay 
into wackcn, into which it imperceptibly gra- 
duated. If bafalt, m a ftate of fufion, is capable, 
by its heat, of converting clay into a fubftanca 
analagous to itfelf, ic is obvious that the flrata 

1.3 




#hich are in contad with it, fbould ahnysl 
materially changed ; and, above all, if this hy- 
potb«6s be true, no fuch arrangemeni: could 
pofiibly exifl, as a bed of uualtered clay oi 
fhillus beneath, and in contad with a firatunt 
(^ ba&It. Yet fuch connexions of thefe ftra* 
la are not unfrequent. Bergman, for inftance, 
ftates an example of bafult iitcumbent oo thin 
beds of clay oj bituminous Ihiftus ; and Kirwan, 
and other mineralogies, mention inllances of 
trap alternating with argilite. The Huttonian, 
therefore, is reduced to the dilemma of failing 
to account, either for the gradation of clay info 
hafalt, or the contaA of this rock with unalt«r> 
ed clay. Laitly, the general gradation obfitnr- 
ed in this mountain is overlooked. It is oot 
confined merely to that of the clay ioto tke 
wacken, hut extends from the fand to the ba- 
falt, through the whole feries ; and it is tranfL 
greffing obvioufly the rules of juft reafonJng, to 
confine the explanation to one part of it merely, 
and afcribe this to a local caufe, or to refer that 
part to one caufe, and the reft to another. 

Neither is this the only example of the gra- 
dation of unliratjfied into ftratilied rocks. It b 
alfo obferved occafionally in granite ; and is in- 
deed a geological truth, of which there can be 
no doubt, in the Neptunian fylilem, as t 
thefe clafies of rocks are fuppofed to be of fi 
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pr forma tian, the phenomenen i^ not fuTprifiiig, 
t^^t, in the Huttonian hypothecs, it cannot bq 
explained. Their formation is ftated to be en-- 
tjreljr different. The matter of the ijniir^tifiecf 
mafs is fuppofed to be thrown up in a fu(e4 
ftate among the Arata; it is applied to them ii} 
this (late, and may therefore be united to them^ 
but it is in direft con tradition tofuch a fyften^, 
that the one fliouid infenfibly graduate int(; 
the other. In every hypothefis, a number of 
the phenomena to which it relates, will b? ap. 
pareiitly explained ; but if its bafis is not in 
truth, there will alway? be fome which cannot 
be brought under ir, but fland in oppolition to 
its alTumptions, proving their fallacy. Such a 
faft, with regard to the prefent hypothefis, is 
the gradation of the unllratilied into the AratU 
fied rocks i and fp clear ar^ the indications it 
affords of the origin of thef^ malTes, that it is 
with judice it has be^n considered as one of the 
flrongcll proofs of th? WerperJan fyftem. It 
gave a deadly blow to the theory of the Vul- 
^anills, and it inflicts one not Iffs fatal to the 
Plutonic iiypothefis. 

Another faft fcarcelylefs unfavourable to the 
Huttonian hypothefis of the formation of thefe 
locks is, that they are not unfrequently, both 
granite and trap, found llratified. The llrati- 
fication q£ granite, fth horizi^ntal and verti- 
1-4 
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raf, is eftabljfhed by the obfenrations of Sadfj 

Aire, and other mineialogtfls, and is admitted 

by Mr. Playfair; yet, as granite, according to 

^ me fyftera he defends, conlifts of matter in pcr- 

[ fed fufioo, thrown up from the central region^ 

L^linedo not fee how it could have formed any o- 

I Aer than an irregular mafs, and we might with 

' '«s tittle reafon expet^ to find ItratiflcatioD in it 

as in a bank of lava. 

■ This dilEculty is attempted to be removed by 
the following explanation. " Rocks, of which 
** the parts are highly cryftaUized, are already 
" admitted as belonging to the ftrata, and are 
** exemplified in marble, gneifs, and veined gra- 
** nite. In the two lall we have not only ftra- 
'" tification, but a fhiftofe, united with a cryf- 
" tallized ftruiSure, and the efTefts of depoGtion 
" by water, and of fluidity by fire, are certain- 
" ly no where more fingularly combined. The 
" flratification of thefe fubdances is, therefore, 
** more extraordinary than even that of the moft 
" highly cryftallized granite. Neither the one 
" nor the other can be explained, but by fup- 
" pofing, that while fuch a degree of fluidity 
" was produced by heat, as enabled the body 
" when it cooled to cryftalljze, the whole mafs 
•' was kept in its place by great preiTure, adt- 
" ing on all fides, fo that the fhape was preferVa- 
" cd as originally given to it by the fca*." 

* niuQntioDB, p>3]6. 
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It is not eafy to difcover what is here meant 
by the ftiape originally given by the fea being 
prcferved. Granite is fuppofed. in the Hutto- 
nian fyftem, to be matter which has been com- 
pletely fufed in the central regions, and erupt- 
ed ; and if it has undergone ihefe operations of 
perfefS fufion, and of eruption, it cannot lurely 
be imagined that it could have preferved its ori- 
ginal ftratification. And if it is fuppofed. that 
Gratified granite may not -have been formed in 
this manner, but that its materials have been 
fufed in the place where they were depofited, 
the unity of the theory is entirely loft, and two 
hypothefes refpeding the origin of this rock are 
actually advanced. 

It is befides, impoffible on any fuppolition, to 
believe that matter completely in fufion, let it 
be fubjected to what preiTure it may, could pre- 
ferve its original divilion into beds. That pref- 
fure would not prevent the gravity of the upper 
parts of the mafs from being exerted on the un- 
der, and if it was fluid, this preiTure muft have 
obliterated every trace of feparation. The llra- 
tification of granite, therefore, cannot be ex- 
plained by the hypothefis Profcffor Playfair has 
advanced. 

The ftratification of trap furnifhes an objec- 
tion not iefs conclufive, and perhaps more ftrik- 
ing, as its ftrata are generally alternated with 
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othen. Of tktt « ftriking exsihplc has Iweti 
flatcd as exiftiag at HabicbtlVcalde, near Caflel: 
** Oa fecondsrjr liojeftone are found fttata of 
** (knd, cbj, wacken, and bafajt, whicb alter* 
** naie with each other not lefa than ihtre timei, 
** and alwaj's in the time order Over the (hiri 
** ftratum of bafalt is found i thick bed of coal, 
** which is corered by a quartzot'e landllose, 
** coDtaining the lem^tns of plants, and pscnfied 
** wood. latUx. 00 this faodilooe are found, 
** in the fame order as before. Arata of claj, 

* wackea, and bafalt; in the Und are foaod 

* naiiftc (hcUs ; the tliata of bafalt have a baf- 
^ akicAyb niteimixtd irith them, contaioing 
" fragments of bafalt, oliTia. and vegetable n- 
" raum *.** Reuia and Dolomicu have alTo ob. 
Stmd ftimim of baish. altenuons with fUata ef 



Tbe aiguflMiit which this A^tafitiaa of tnp 
s againtt tbe Huuouui theory, of its 
, is rvy crideM. Ic is fuppoJed to 
teve bats tteowo up uooa^ tbe fbita, and to 
l«v« filled iBjr cavities cffpace between them. 
In d» winif. it nu^ht be cooceiTcd, that a 
n^or metmam pf tm^ bh^ be formed- 
Bac. is It poffihie that it coi^ have fcnoed ftn- 
Ift « fcwiWtiB g nthh oaken? Whataie the ftip* 
|iH^*^"** neceflnry to accooBC Sot fiicfa an w^ 




■taogement as that dated above ? — that a ftratom 
of limeftone Ihould have exifted, then a bed of 
clay, another of fand, and over this an empty 
fpace, correfponding in Cze and diredlion to the 
flrata beneath; that this arrangement fhould be 
repeated three times ; and that thefe empty 
fyaces fhould have afterwards been filled by fiif- 
cd baCalt and wacken injeifted into them. It 
may at once be affirmed, that fuch fuppofilions 
aie inadmiffible ; and that were they made, their 
extravagance would afford a fulhcient refutation 
of the fyftem that required them. If it ihould 
be faid, that, in fuch cafes where trap is (Irati- 
fied, it is formed in the fame manner as the other 
ftrata, by its materials having been depofited, 
and foftened or fufed; this is at lealt relinquilh* 
ing the fimplicity of the theory, and propofing 
two modes of formation of this rock. And 
even this facrifice would prove inadequate, for 
the above arrangement in which fand and clay 
alternate with the others, completely excludes the 
operation of fire, and proves that the whole rauft 
have been formed by the agency of water. 

LalUy, the remains and irapreffiona of organic 
fabftances found in trap deraonllrate its aque- 
ous origin. In this country, in which this rock 
is abundant, fuch appearances are undoubtedly 
rare, and indeed have not been obferved. But 
in other countries, they appear to he far from 
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being uncommon. Werner found in a vein of 
wacken, at a depth of not lei's than 1 50 fathoms, 
trees, with the branches, and even leaves, pe- 
trified ; and it is Haled, on the fame authority, 
that different rocks of the trap kind, contain 
marine fhells, and even bones of quadrupeds. 
Nothing can be more obvious, then that fuch 
fubftances could never have been contained in a 
ilream of melted matter thrown from the cen- 
tral regions : or if they had even fallen into it 
after its irruption, and while ftiU fluid, as jt is 
fuppofed may have been the cafe, they mult 
have been dellroyed by the fufed matter ; and 
indeed the circumllances, in fome of thefe cafes, 
are irreconcilable with fuch a fuppofitioo. 

From this review of the Huttonian theory of 
the unftratified rocks, it mull be evident, that 
it is attempted to be fupported by appearances 
which admit of an equal, and in fjme cafes a 
more fatiifaftory explanation, from the oppo- 
fite opinion. The occaflonal flratification of 
thefe rocks, their gradations into thofe which are 
firatified, and their alternations with other ilra- 
ta, are inconlillent with that opinion, and indu- 
bitably prove their aqueous origin. 



Under this clafs of arguments, may be cons'' 
dered thofe drawn from the appearances of 
veins, the fubftances filling their cavities falling 
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properly under the defciiption of unftratified 
minerals. 

Veins are accurately defined by Profcffor 
PJayfair, *' reparations in tiie continuity of a 
" rock, of a determinate width, but extending 
" indefinitely in length and depth, and filled 
*' with mineral Aibftances different from the 
*• rock itfelf *." It is admitted by mineralo- 
gifts, that theie veins are fubfequent in forma- 
tion to the rocks or ftrata in which they are 
found ; and the cryfialUzed ftate of the fub- 
ftanccs with which they are commonly filled 
deraonftrates that thefe had been introduced in 
a fluid form. 

The Huttonian theory of veins is, that they 
have been formed by injedlion, that the matter 
filling them has been thrown up in a ftate of 
fufion, and that this fnlisd matter entering the 
rents and cavities of the ftrata, has confolidated 
pnd produced mineral veins. 

According to the Wernerian theory, the ca- 
Titles of veins have been originally fiflures in 
the ftrata or rocks, produced while thefe were 
yet foft and covered by the waters, by various 
caufes, principally by the unequal finkiogs of 
thefe maffes at their confolidation, occafioned 
by the various denfities of the fqbftances com- 
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po^ngthem, and their unequal elcvatisfls, and 
by the diminution of the waters by which the 
mechanical fupport afforded to the mountain 
at its fides was withdrawn. The appearances 
of veins are precifely fimilar to what might be 
expetfted to be the appearances of fiflures produ- 
ced from fuch caufes.as, in their taking a diret^on 
approaching more to the vertical than horizontal, 
m their proceeding without much inflexion, in 
the diameter of them diminifhing after they have 
proceeded a certain extent, and in theic at length 
difappearing entirely, by the approach of their 
fides, while they generally continue open to tl^H 
furface, though of a dimini(hed fize. ^M 

Into the fiffiires arifing from thefe caiifes, th" 
fluid ftill holding much matter diCTolved, and co- 
vering the furface, would of courfe find accefs; 
and the folution in thefe cavities being at reft, the 
tryftallizations from it of the diiTolved matter, 
would take place with more regularity, and they 
Would be more completely fcparatcd from esch 
other, than in the formation of the ftrata. Many 
of thofe veins have alfo be-en filled by fiicceffivc 
cryftalliialions, and hence a greater variety of 
fubflances have been imroduced into them. 

The foTmation tif thefe reins istaf very dififcr- 
ewt dates, the fifibrcs from which they arife 
having happened at different times. This i 
evident, from the fimple fadl, that one vein c 
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^MfTemfliA titiother without ititertttfttiMi or A- 
■fttatiofi of the matter it contains. A new fif- 
ftire has taken place trftvetflng the esifling Vein, 
iiad has been afterwards filled, forming a new 
yein, and this, it has been proved by repeated 
croffings, has taken plate a number of times 
fccceffively. Such repeated filTures often de- 
range the direftion of the vein, and its reiatiVft 
fiiuatioii with tefpea to the fides of the rock in 
tfiiittl it exifts. 

Several of the aTgumenR ift fuppcfrt Of the 
Huttonian theory of mineral feins afe dtawn 
from the nature and propetties of the fubftances 
they contain, liich as their infolubility in aay 
cne menftruum, and thp mutual impreflioBs in 
tfeeir cTyflaliizatio*!. iThefeare afterwards to be 
faoticed ; at prefent we are to confider thofe ^- 
dpced from ijhe ftrmflure and potitions of the 
^eens. 

■Hiatthe matter filling the veins has not been 
introduced in a ftate of folutioB, is evident, it is 
alleged, from their being no trace of that fol- 
vent in the vein, and from the vein itfelf being 
coflipletely filled up. 

But, if the enirance into tht vein has been 
open, as is maintained, thefe appearances are not 
different from what might be expeded. Con- 
folidation, or cryftaliiiatioii, it has already been 
thowr, may take place from fo'Iuiion, without 




any fenfible portion of the folvent being t 
ed ; BDd the matter, confoUdating in an open 
cavity, would exclude the Quid feparated, wb^]^ 
if a frefh quantity of the folution bad accefs, l||H 
cavity might be completely filled up. Or^^^H 
the Suid was left, it would penetrate the fii^| 
rounding matter by inSltratioa, and leave 0^| 
vein only partJally filled. 

It is faid, " if tbe veins were filled by depo- 
•' fition from above, we ought to difcover in 
* them fuch horizontal ilratification as is the 
" effe<S of depofition from water." The nfual 
flrudure of a mineral vein is that of incmfla- 
tions, or parallel coats, on its fides. One fuh- 
ftsDcc, calcareous fpar, fat example, or quartz, 
adheres immediately to the fides of the rock, 
and next to this a mafs of any metallic ore, and 
chefe may be TariouHy intermixed with each o- 
ther, and even with other lubftances. But, if 
the Neptunian theory were juft, it b affirmed, 
that the materials Ihould be difpofed in horizon* 
tal layers acrofs the vein, inflead of being pand- 
lel to its fides. " On no fuppofition," it is faJd, 
" can thefe incruftations be received as a proof 
** of aqueous depotitton : It may, indeed, be 
" certainly inferred fnxn them, that the matter 
" which they confiA ol^ was l3uid at the tmicof 
" their formation ; but the abfence of all ap- 
** peaiance of horizomal dupofitioa in any part 
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•* t)f the vein, amounts nearly to a demonftra- 
. •* tion, that this fluidity did not proceed from 
■* folution in a menftruum." And again, " if, 
•' as the Neptunills maintain, the materials in 
*' the veins were dcpofited by water in the mod 
" perfect tranquillity, it is wonderful that we do 
" not find thofe materials dilpofed in horizon- 
" tal layers acrofs the vein, inftead of being pa- 
" rallel to its fides ; and it feems very unac- 
" countable, that the common Itrata, depofited 
" as we are told while the water was in a (tate 
■" of great agitation, have fo rigoroufly obeyed 
" the laws of hydroftatics, and acquired a paral- 
*' leiifm in the planes of theirUraiification, which 
*' approaches fo often to geometrical precifioii ; 
■* while the materials of the veins, in circumllan- 
-•* ces fo much more favourable for doing the 
" fame, have done nearly the reverfe, and taken 
•* a polition often at right angles to that which 
'* hydroftatical princ'ples it;quire. This is a pa- 
" radox, which the Neptunian fyftera has creat- 
*' ed, and which therefore it is not very like- 
•* ly to refolve*." 

This objedtion it is very eafy to remove ; and 
it is fomewhat lingular that Profeffbr Playfair 
Ihould have dated it in fuch ftrong terms, and 
as even amounting nearly to a demonftration 
«gainft the Neptunian theory, when the anfwer 

• nil; flni clous, &c. p. »5I, IJ3. 
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is fo obvious and fatisfaclory. The matter fil- 
Jing veins is perhaps always cryflallized, or has 
the cryftaUine llrudlure, fo as to (hew that it has 
been by this fpecies of confoHdation that it was 
formed. Now cryflallization is always promot- 
ed by a nucleus or fupport, and in any cavity, in- 
variably takes place from the bottom and fides. 
In the cafe of a vein therefore filled with a folu- 
tion of different kinds of matter, the fubftance 
moll difpofed to cryftallize would firft form an 
iacruftation on the fides and bottom, and after- 
wards, thufe which had lefs difpofition under the 
ctrcuml\ances of the cafe to cryftallize. Accord- 
ing to thefe circLiraftances too, the fubllances 
prefent might be varioully mixed. Werner 
itates this very fadt of the Incruftation of [h« 
materials of veins on their fides as a proof of hii 
theory, and particularly, that the incruftations on 
one fide are' always alike and difpofed in the 
fame order, as on the other fide of the vein. Itjs 
remarked alfo, as highly favourable to the IS 
theory, that the different coatings are of a g 
er thicknefs at a depth in the vein, than t 
are nearer to the furface. 

If, on the other hand, the vein had been i 
led with different kinds of matter in fufion by 
injeflion, it ts evident, that Ihefe ought imme- 
diately to begin to arrange themfelves in the or- 
der of their fpecific gravities; the confolidation 
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bf them from cooling could not commence im- 
mediately ; and therefore, while ftill fluid, the 
heavier fubftance, the metal, for example, fhould 
fall towards the hottom, and the much lighter 
tnatrix rife to the top, a difpofuion which is ne- 
ver obferved : And, when they began to con- 
crete, it is equally obvious that the one leaft 
fufible fhould firft become folid, while the more 
fulible remaining fluid, would be forced afide 
and colleded apart ; and thus there could be 
none of that intermixture, and thofe mutual 
impreflions, which are generally obferved in the 
materials of a vein ; nor could the cooling of 
that part of the matter which was next to the 
-fides of the vein, (a caufe ftated by Mr Play- 
feir), have much effed in preventing this, or in 
difturbing the regularity of confolidation. This 
hypothecs, therefore, does not account for the 
appearances which veins actually exhibit. 

It may alfo be obferved, as an important faift 
[ in geology, that veins have occurred in which 
the depolltions are horizontal. De Luc gives 
an example of this kind. The fafl is utterly 
inconfillent with the Huttonian theory ; white 
It proves clearly that the vein has been filled by 
depofilion from above, the dcpofite being pro- 
iably more mechanical than chemical, and 
therefore taking this form. J 

It if fliated as an argument in favour of thft 
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Hattonian account of the fonnatioo of vciiu, 
tfaat lliey " cootain abundant marks of tbc 
'* moil violent and repeated difturbance," lift- 
ing of the ftrata, and fbifting or heaving of the 
Tein itfeJf. 

Thae appearances, faowever, are likewifc very 
eafily explained by the Wernerian theory: ihe 
explanation has indeed been already Aated, in 
iliowing the fallacy of the argument for the ig- 
neous origin of whin, from the derangenKBts 
in the ftrata which accompany its veins. All 
veins arife from fiflures in the llrata or Tocki in 
which they are fituated ; thefe filTures feave -a- 
rifen from unequal linkings of thefe ftrata, fooB 
after their formation, and have taken place ftic- 
cefiively. It is obvious, 'therefore, that tbcy 
mull: often be accompanied with tbofe very 
marks of difturbance enumerated in the objec- 
tion, and of courfe, that thefe do not prove 
veins to have been formed by an irruption of 
fluid matter from beneath. 

Werner has ftated the principal varieties of 
diflocation which attend veins, has fhown that 
they admit of the mofl: fatisfadory explanations 
from his theory, and that the conclufions fug- 
geOed by the theory, lead to important prac- 
tical applications in the art of mining. An or- 
der is obferved even in thefe derangements, 
which may be connedled by a principle ; while, 




w«e the Huttonian hypothefls true, there flioulii 
be nothing but ruin and diforder. 

" The fad of pieces of rock being found in- 
" fulated in veins, is certainly favourable," it is 
laid, " to the notion of an inje6ted and ponder- 
" ous fluid having originally fultalned them." 
Admitting that fuch pieces reft in no part on 
the fides of the vein, the phenomenon is very 
Ctifily explained, from the fafl, proved by vavU 
ous appearances, and admitted in the Huttonian 
theory, that veins have frequently been filled, 
not entirely at once, but fucceflively ; the fub- 
itances next to the fides have been firft depolit-. 
ed, and thofe in the middle of the vein have 
often been of more recent formation. It is ob- 
vious, that if, after a partial incruftation of the 
V€in, by which its diameter would be diminifii- 
«d, fragments of rock were brought, by the cir- 
culation of the furrounding fluid, or detached 
by fome violent finking, or fubverfion of the 
rock itfelf, and introduced into the cavity, they 
might be fuftaincd by the fides, and the vein 
• being afterwards filled up by new depofi. 
' tions, the appearance of an infulated fragment 
would be produced. It is alfo poQible, that af- 
ter a vein has been filled, and completely con- 
■ folidated, a new fifiiire might take place in it, 
I preferving the fame direction ; and pieces of 
! rock falling into it, from either of the above 
M3 
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caufes, might be cemented by new matter de- 
pofited from water ; and in this manner Wer- 
ner has explained the origin of cemented frag- 
ments of this kind which occur in fome veins. 

A fad in the ftrudure of veins incompatible 
nith the Huttonian hypothecs, and proving the 
Wernerian theory, of their having been filled 
from above, is that of petrifadions, marine {hells, 
and even vegetable fubftances, being frequently 
found in the fubAances filling the vein, a faft 
eftabliflied on the authority of Werner, and 
others, and even allowed by Dr. Hutton*, nor 
can there be imagined any more decilive. As the 
matter with which veins are filled is fuppofed, 
by the Huttonian, to be thrown up in perfedt 
fufion, it cannot be conceived that fuch fub- 
fiances fhould be brought up from the central 
parts of the globe in this ftreani of melted 
matter, or that if they had fallen into it, they 
ftiould have fuffered no change ; while the 
planation of their origin is obvious and natui 
when we fuppofe the matter in which they 
inclofed to have been depofited from the fea. 

An argument of a fimilar kind may be de- 
rived from the fait, that veins are fometimes 
filled wiih fubftances which obvioufly could 
never have been in fufion. Thus Werner mcHr 
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' tions 3 vein at Riegelsdorf, in HefTe, the matft- 
" riajs of which are nothing but fand and roundej 
ftones. And Schreiber cites a vein in a mount- 
ain near Allemont, filled with an argiilacenus 
earth and rounded fragments of gneifs, and 
which intercepts the metallic veins *. Nothing 
can more certainly prove, that veins are filled 
from above, and not formed by irruptions from 
beneath. , 

The alteration and decompofition of the rock 
at the fides of the vein, have been already no- 
ticed, as being explained more fatisfactorily by 
the Neptunian than the Huttonian theory. The 
, decompofition of granite, hornblende, and 
gneifs, into a clay or foft earth, for feveral inches 
by the fide of the vein, cannot be explained, 
but from the percolation and chemical ac'tion 
of a fluid which has filled the vein. 

In the connexion of the contents of veins 
with certain ftrata, an order is obferved, inex- 
' plicable in the Hattonian theory, but fatis- 
faftorily explained in the Neptunian. This has 
been traced by Werner. Tin is never found 
but in piimary ftrata, principally in granite. 
Molybdena and Tunglien are found in the fame 
fituatiuns, and of courfe have been formed at 
the fame period. Uranium and Bifmutb, though 
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petbsps oi a fonnation rather U(s ancient, ^P^l 
pear nerer to be found in ftratiSed mountaina 
Gold and Silver are romctimn foand in the hu 
ter, tboQgb rarely, M cury, the grey orrof A 
timonT, and Manganefe, are fcorered bo h i 
pfimitiye and fecondary mountains. CoppcT.l 
Zinc, and efpecially Iron, beloo; to al] tbe agi 
of tbe worid. Cobalt andNkkel. are geitera 
of irceot formation. There is the lame c 
ence to be obferved in the fubftances wfaicb a 
eompany the metals. Felfpar, fhorl, the t 
and tbe beryl, are confidered by Werner as ti 
noft ancient. Quartz belongs to all | 
Anwog the cakareous fabftance?, the nioft a 
CMU are floor fpar, and apatite. Trap is I 
nocfa mon nodem fbrmattoD, and gypfnm a 
of tbe moSt recent *. 

Now it muft be apparent, that the Hnttonim 
s of tbe origin of Tcins can tiinii(h no 
dple by which any order of this kind can h 
Tbeiie marerials arc foppol'ed to 1 
■ow» from the central regions, in which t 
d exifled in a ttate of fufioo, and their irmpl 
I have been merely acc^demaL No 
I poffibly be im;igined why certain 
f AmmM have been thrown up only in tboTe r 
P VUdl were itmted in the primary rocks ; 
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in the fecondary, and a ihtrd cTa's in ftrara of 
both kinds : but in the Neptunian fyftema prin- 
ciple can be difcovered by which this may have 
been regulated. The dejiofites from the chaotic 
fluid, it is proved, were fucccflive, and it muft, 
of courfe, have happened that feme kinds of 
matter would be formed and dEpolited at one 
period, others at another, from tlie play of affini- 
ties cTtcried. and the force with which they were 
held in folution. In other words, the fame caufe ■ 
which determined granite to be firft formed, may 
have determined the formation or depofition of 
tin, molybdena, and tiingften, at the fame time ; 
and this principle may be extended to the pro- 
dudlionofall the others. It is a merit, in a theory, 
of no trivial importance, that it ihould thus be 
able to connect, by one principle, fadts of the 
firft importance, but apparently fo difficult to be 
explained, 

Laftly, there are veins to which the Huttonian 
hypothefis cannot poflibly apply — thofe which 
are included in rocks, and Ihiit in on all fides. 
Thefe cannot be fuppofed to have been filled by 
injection, as the termination of them in the rock 
is obvious. Profeflbr Playfair is obliged to relin- 
quiftithe general theory, and to fuppofe ihatwhen 
" thefe veins are found in ftratified rocks, fuch as 
" have not themfelves been melted, we muft con- 
*' ceive them to be compofed of materials more 
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** veina, yet the time was whea tliefe ma taMi i 
*^ were all mingled together in the chaotic audi; 
*' and conftituted one vaft fluid, encoiBpaAiB 
** the earth ; from which fluid it was that tho 
^ minerals were precifHtated, and depofifted in 
^ the clefts and Mures of the ftntfa */* 

After this declamatioo, it ia unfortunate fl»t 
the Huttonian fbould be compelled to admit 
that there are examples of veins filled with me- 
tallic matter, cut off from that iburce from 
whtch only, according to Dr Huttoa*a expboa- 
tion, they could have been filled, and of which 
no probable explanation can be given but that 
by the Neptunian theory. It is even probable 
that all veins are of this infulated kind, their 
limits not being always difcovered, £rom their 
not being explored to fufficient depth ; for it is, 
frima facie^ an extreme improbability that 
rents fhould pafs through innumerable ftrata 
eren to the central parts of the globe, and that 
thefe fhould be filled by injedtion to the very 
furface, and through crevices often only a few 
lines in diameter for a confiderable length. 

An appearance not uncommon in veins is that 
of their becoming narrower as they defcend, of- 
ten leffening to ^ of an inch or lefs in thicknefe, 
and either remaining fo or again becoming wider, 

* lUuftratioxif, &c.p. 248. 
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while above, they arc perhaps fome feet in wide- 
nef8. It 18 obvioufly impoffible that the matter 
filling this upper part fhould have been thrown 
contrary to its own gravity, by injection, through 
fuch a paflage, from the ceptral parts of the 
(lobe. 



PART IV. 



Of the Support which the Huttonian and Neptum. 
Theories derive from the Appearances andBTO->\ 
perties of Individual FoJJils. 



J. HIS part of the invefligation of thefe theories, 
from indudlion, is that perhaps from which we 
may derive the moft conclufive evidence. The 
pofitions and conneflions of the flrata, can, ia 
many cafes, be only imperfeflly obferved, and 
they are alfo often fuch as might have arifen 
from various caufes. But it is reafonable to 
prefume, that in individual minerals propertiei 
will be found which ftiall afford undoubted 
proof whether they have been formed by water 
or by fire. 

In conlidering the examples of this cla& 
brought forward in proof of the HuttODiait' 
theory, I fhall take them in the order in which 
they are ftated by Profeflbr Piayfair. The firft 
are thofe belonging to the siliceous genus. 

" Foflil-wood, penetrated by fiUceouE matter,' 



i 




is a fubftance well known to mineralogifts s 
" it is found in great abundance in various fi- 
" tuations, and frequently in the heart of great 
" bodies of rock. On examination, the filice- 
" ous matter is often obferved to have pene- 
" trated the wood very unequally, fo that the 
" vegetable ftrudure remains in feme places 
" entire ; and in other places is loft in a homo- 
" geneous mafs of agate or jafper. Where 
" this happens, it may be remarked, that the 
" line which feparates thefe two parts is quite 
" fliarp and diftinft, altogether different from 
" what muft have taken place, had the flinty 
" matter been introduced into the body of the 
" wood, by any fluid in which it was diffolvcd, 
" as it would then have pervaded the whole, 
*' if not uniformly, yet with a regular gradation. 
" In thofe fpecimens of foffil-wood that are 
" partly penetrated by agate, and partly not 
" penetrated at all, the fame iharpnefs of ter- 
" mination may be remarked, and is an ap- 
*' pearance highly charadleriftic of the fluidity 
" produced by fufion *.'* 

From the appearance of foflil filiceous wood, 
the unbiaflcd obferver would be much more 
ready to infer, that it had been petrified by the 
operation of water, lince it is fcarcely pollible 
to beheve that it could be fubjetiled to the ac- 
tion of fire, and at the fame time have preferv- 
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Slid, inAead of affording any fupport to bis 
nion, it is an' additional difHcuky, which be ^ 
unable to remove. The appearance feems to 
be owing to the procels in the humid way going 
on Vv.-ry flowly, probably from the denhty uf the 
wood, and to its having been ftopi in thofe f( 
cimens before it was complete. It is cone* 
able that the external part of the wood iDi 
have been fo completely impregnated with the 
iiliceous matter as to pievent the infiltration of 
the water to the internal parts, and of 
the procefs of petrifadion would ceafe, and tl 
if the wood has been very denfe, it is poi 
may have proceeded only a fliort way, and 
been abruptly terminated. 

There is another fad, with %efpe£t to 
oua wood, which gives indication of its ■ 
origin, while it is inexphcable on the Huttoi 
hypothefis ; it is, that of Ihells often adhering 
and even indented in the wood, deprin 
their calcareous matter, and thus forming 
ous petrifaftions. The prefence of thefe ] 
that the wood had been immerfed in water; 
the entire converiion of their lubrtance into 
ceous matter cannot be accounted for on 
fuppoQtion of melted files being applied 
them; for by what power was this files to 
pel the calcareous carbonate, of which tl 
principally confift. On the oppofite 



[ '79 ] 

iis admits of explanation, the carbooate of 
^lime, being more foluble in water than the fili- 
;«eous earth, would be gradually carried off, and 
fthe latter might bedepofited in its place. 

In favour of the pelrifaiSion of filiceous wood 
■being effected by the medrnm of water, we have 
'the analogous cafe of the petrifaftion of wood 
tin this way by calcareous matter. There are 

many fprings, in which a portion of carbonate 
f lime is held in folution, which have the power 
petrifying any vegetable fubftance thrown 

into them; and many examples of petrified 
ItnolTes and other matters are to be found, which 
jjKJ one can fuppofe to be performed by fire.^ 
Here the ultimate effedl is the fame. The only 
Mifierence is, that in the one cafe the petrifac- 
^n is filiceous, in the other calcareous. Does 
^t the prefumpiion follow, that the procefs by 
Sphich it has been effeded is fimilar ; that in the 
jOne, calcareous matter diffblved in water ; in the 
^her, filiceous matter in folution has been ap- 
j^ed to the petrified fubftance? 
If Laftly, we have demonftration that filiceous 
petrified wood is formed in the humid way. Mr. 
Kjrwan relates a decifive proof of this kind : one 
of the timbers fupporting Trajan's bridge over 
the Danube being taken up, and examined, was 
found to have been converted into agate to the 

N2 



[ i8o 1 

depth of half an inch, while the inner parts 
were more flightly petrified *. 

With fuch weight of evidence, the conclufion 
cannot be refilled, that filiceous wood has been 
petrified by the medium of water ; and this fiift 
proof of the Huttonian theory, from the pro- 
perties of minerals, ferves to eftablifli the oppo^ 
fite fyftem. 

This argument with refpedl to the filiceous 
petrifaction of wood, is of more importance 
than at firft view may appear. It is not mere- 
ly in itfelf an example which may be brought 
in fupport of the one theory or the other, nei- 
ther is its importance confined to its proving 
the folubility of filiceous earth in water, and 
the poffibility of the mofl: perfefi confolidation 
being affeded by its depofition j but it efta- 
blifhes a fimilar formation with regard to other 
foffils, and furniflies a proof capable of being 
carried to a confiderable extent. It is obfcrv- 
ed in fpecimens of wood thus changed, that 
where there are rents or vacuities in the wooi 
the filiceous matter depofited in thefe, has al- 
ways afiumed the figure and ftrudkure of agate. 
It has the concentric coats of that foffil, its 
hardnefs, frequently its various Ihades of co* 
lour, and in fliort, all its properties. If, there- 

Geologlcal EfTays, p. x p. 
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Wore, the petrified wood is proved to be fonned 
in the humid way, it follows, that agates may- 
be formed in the fame mode ; and this fad a- 
^ain may be pufhed rtill farther, for agates are 
llmoft always found inclofed in other rocks, as, 
for example, in trap, and inclofed in fuch a 
panner as to render it undoubted that the rock 
||Qd the inclofed agate mull: have had the fame 
origin. So far, therefore, may the application 
jpf this argument be carried, from the intimate 
ponnedion of thefe fofTils. Dr. Hutton might 
perceive this connedtion, and the obhgation ic 
^id him under of afcribing the formation of fili- 
Ceous petrified wood to fuiion, fince, if he ad- 
piitted it to have been formed in the humid 
dray, he muft have been forced to admit, that 
tgates and the rocks in which they are inclofed, 
jj^igbt have had the fame origin. It was, per- 
Iwps, a proof of polemical ikill to alTume that 
ks an argument which he might have otherwife 
jeen obUged to obviate as an objedlion ; ^nd 
[bis might lead him to maintain, that GUceous 
^trified wood was formed from the introduciion 
(f ful'ed filiceous earth, though its appearance is, 
)rima Jacie, inconfillcnt witii that opinion, and 
hough it is fully refuted by fafts. 
( " The round nodules of flint that are found 
• in chalk, quite infuiated and feparate from. 
' one another, afford," it is faid, " an argument 
N3 
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•• ofthe fame kind; fince the flinty matter.tf 
•' it had been carried into the chalk by any foU 
" vent, muft have been depoGted with a certain 
" degree of uniformity, and would not now ap* 
" pear coUeifled into feparate mafles, without 
" any trace of its exiftence in the irttermediattf 
" parts. On the other hand, if we conceiT* 
** the melted flint to have been forcibly injeflea 
" among the chalk, and to have penetrated n 
" foroewhat as mercury may, by preffure, b 
" made to penetrate through the pores fl 
" wood, it might, on cooling, exhibit the IsBB 
" appearances that the chalk beds of EoglanJ 
" do adlua'ly prefent us with *." 

This theory of the formation of flint is nea 
\y inconceivable, and is inconliftent with tW 
appearances of that foflil. The kind of injeri 
tion, by which it is fuppofed to be introduce* 
into the chalk, is altogether myflerious; for v 
perceive not, how, without any fenlible oped 
ings, the flint is to be conveyed into the chal 
or if it were forced in by fome peculiar exM 
tion of preffure, how the particles are to be col 
lefted, lb as to form nodules of confiderahl 
Gze. The arrangement of thefe nodules is a 
fo incompatible with any notion of this kitH 
They are not irregularly interfperfed in til 

• lHniltatioin, Sd:. p. ij. 
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WiaTfc, as they necefTarily mud have been, if* 
ifltrodaced hy any fpecies of injedion, but are 
£)und arranged with the greateft uniformity, in 
borizontal beds or layers, which are equidillant 
tcom each other. 

That the formation of thefe nodules is owing 
ffe the agency of water, is proved by the impref- 
'flons of ihells on their internal furface, or even 
*Htire fliells inhering in the fubflance of the flint, 
Completely petrified, and having their calcareous 
toatter entirely abftracled. ]t is obvious, that 
this petrifadion and expulfion of the calcareous 
natter, while the ftrufture and divifions of the 
dell often remain unaltered, could never be 
Reduced by injedion of fufed filiceous mat- 
ter, while they may, in common with other pe- 
«t'ifa£tions, be eafily explained from the agency 
■m water. There is a particular fpecimen of 
this kind, one of the moll: common, which, per- 
haps, places this in the clearell; light, — that of the 
ftell of the Echinus, which is frequently found 
led with flint, while its texture remains per- 
liedly unaltered ; and its calcareous matter is, 
at the fame time, fo completely removed, that 
■it does not effervefce on the application of an 
Scid. This flieli is, in its natural (late, fo ex- 
tremely tender, that the leaft preffure crulhes iC 
:o pieces ; and it has only a fmall aperture lead- 
ing to its cavity. Can it be fuppofed, that it 
N4 
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' * ofthe fame kind; fmce the ' '7 ^f fpWiM 
■ circumftatices 



' it had been carried into thf 



" vent, mull have been der 



ioT fuch an efFeft 



■ degree of aniformit,, , " I'""''' ^<"" ^^ 

■ pear collefted into ' nat it, aperture Ihould 

. » r ■« -. I the ftream of injefled 

' any trace of its c- -^ 

■ parts. On the »«''" '=" '"'^ firnraeft,as 

■ the melted fli-„"»"°" ^""^ being completely 
, „ ,, ^ iJenfe fluid matter : and were 

■ among the ,.>" ' 

I " fcmewh»- „^/^''"°" "*' ^^^ exiftence of thefe 

I " made '^^^ admitted, the expulfion of the 

• /''./[latter of the ihell would remain in- 

^-•^ This, and other petrifaftions, tv\ 

,; , . ' y'yjjow, that the particles of flint have I 

^tit together flowly, and without violent 

Mr. Kirwan ; 



(fte agency oi water. 
res their confolidation, to the infiltratioiL 



. j£ fluid through the ftrata of chalk * 
-heir formation into nodules, may be afcribed, 
according to the Wernerian hypothefis, to the 
particles being colleifled in cavities fotmedi 
ibe chalk by the extrication of air. 
" The filiceous pudding-ftone," it is faid, ' 
' " ai^indance clofely connefled with the t 
' laft ; in it we find both the pebbles, and t 
" cement which unites them, confiding of i 
" equally hard and confolidated ; and this c 
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which it is impoflible to ac- 
ration, or the infinuation of an 
is perfectly conliftent with 
that a ftream of melted flint 
rcibly injeded among a mafs of 
.vel *," 
s feems nothing improbable in the Tup- 
jon that the pebbles in this folGl have been 
igglutinated and confolidated by the depofition 
of the cement from aqueous folution or fufpen- 
Eon. Suppofe thefe pebbles to have been 
placed in a lituation fimilar to that of petrified 
fiUceous wood ; its pores have been completely 
filled with filiceous matter, of the nature of a- 
gate; and, in like manner, the interftices be- 
tween thefe loofe pebbles may have been filled 
with this matter, and thus a confolidated hete- 
rogeneous mafs might be formed. 

Agates belong to the filiceous genus, and 
are cor.fidered by Dr. Hutton as affording, from 
their ftruflure, an argument in favour of his 
theory. They are malTes, the internal parts of 
which have a certain arrangement, which, it is 
alleged, could not be produced by the infiltra- 
tion of any fluid, but which mufl: have anfen 
from the circumftances under which the agate 
was formed. 

• Illuftrmions, &c. p. 16. 



That the fluidity from which agates have 
been confolidated, has been that of fafion^ it is 
faid, is evident, becaufe *^ the formation of the 
♦* concentric coats, of which the agate \s ufual- 
•* ly compofed, has evidently proceeded from 
" the circumference toward the centre, the ex- 
" tenor coats always impreffing the interior, 
•* but never the reverfe. The fame thing aHb 
•• follows from this other faft, that when there 
•* is any vacuity within the agate, it is ufaally 
** at the centre, and there too are found thfe re- 
** gular cryftals, when any fuch have been form« 
" ed. It therefore appears certain, that the pro- 
•* grefs of confolidation has been from the cir- 
•* cumference inwards, and that the outward 
" coats of the agate were the firft to acquire 
•* folidity and hardnefs. 

*' Now, it muft be confidered that thefe 
•* coats are highly confolidated ; that they are 
•* of very pure filiceous matter, and are utterly 
■* impervious to every fubftance which we know 
*• of, except light and heat. It is plain, there- 
•• fore, that whatever at any time, during the 
•* progrefs of confolidation, was contained with- 
in the coats already formed, muft have re- 
mained there as long as the agate was entire, 
without the leaft poffibility of efcape. But 
nothing is found within the coats of the a- 
gate fave its own fubftance ; therefore no ex* 
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traneous fubftance, that is to fay no folvent, 
f was ever included within them. The fluidity 
7* of the agate was therefore fimple, and unaf- 
'" filled by any menftnium. 

" In this argument, nothing appears to me 
!•• wanting, that is neceflary to the perfeiflion of 
I" a phyfical, I had almod faid of a mathemati- 
f cal, demonrtration. It feems, indeed, to be 
'.' impoffible that the igneous origin of foffils 
;" could be recorded in plainer language, than 
f* by the phenomenon which has juft been de- 
|« fcribed*." 

NotwithHanding the flrong language in which 
thefe aflertions are expreffed, it may be de- 
jmonftrated, that agates could not have been 
formed by fulion, but mud have originated 
from the operation of water. Their ftruc- 
tiire is fo pecuhar that there may be fome dif- 
ficulty in pointing out clearly the precife mode 
of their formation, bur the following explana- 
tion by Werner, and which has alfo been fug- 
.gefted by Dolomieu and Kirwan, will be found 
-to accord better with the appearances of the 
foflils of this family, then the Huttonian hypo- 
, thefis. 

During the confolidation of the ftraia, it is 
fuppofed that extrications of air muft have taken 

• Jllullrdtlons, &c.p. 78, 79, 
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are of precifely the fame degree of fufibility. 
Now there are not, perhaps, two fubftances in 
nature with refpeifl to which this is the cafe. 
At leaft, if it happened with any two, it might 
be conCdered, both as a fingular coincidencf 
and ftill more as the refult of a very extraoi 
nary combination of circumftances, that of 
bodies the two which thus happened to agree m 
fiifibility fliould have been brought together in 
fufion. But it may fafJy be affirmed, that not 
another esampie of it would be met with, far 
lefs that it Ihould take place with refpeft to 
many fubftances; and if it fliould actually be 
found in nature that there were a variety of 
groupes or aggregates of foflils which mutually 
impreffed each other, this, inftead of being re- 
garded as a proof that thefe fubftances had con. 
folidated from fimple fufion, would furnifli 
cleareft demonftration that the fluidity frl 
which they had become folid muft have been: 
a different kind. 

It may be faid, perhaps, that it is not c] 
how from folution two different fubftani 
Ihould confolidate or cryftallize at the fame tii 
Let it be granted, that it is not obvious how tl 
ihould happen ; yet ftill we have no demonftra- 
tion, as in the former cafe, that this could not 
be the cafe ; and therefore, as it is the only fu 
pofition left to us, it ought to be admitted. Bi 
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■e need not reft fatisfiecl with this argument, ft 
is poflible to conceive how different fubftances in 
folution in one fluid may be brought either to 
tryftallize or confoUdate together, or to give the 
ilppearance of fimultaneous confolidation. Let 
it be imagined, that by fome alteration of cir- 
cumfl:ances in the folution the cryftallixation of 
one of the fubftances was occalioned : it is con- 
ceivable that the feparation of this fubftance 
might fo aher the exifting attraftions, by which 
one or other of the remaining fubftances in the 
folution were held diflblved, that it alfo might 
feftantly begin to feparate, and thus its con- 
ftiidation would be fimultaneous, or very near* 
1y fo, with that of the other, and they might 
■imprefs each other: Or, as cryftallization is pro- 
inoted by a nucleus, and ftill more by the pre- 
ftnce of a body already cryftallized, it is con- 
teivable, that if in a faturated folution of diffe- 
■»ent fubftances, one of them ftiould by an alter- 
ation of circumftances, be brought to cryftaliize, 
M(he cryftallization of the others might inftant- 
ly commence, as we fee take place when we 
A-op a folid into a faturated folution of a fait ; 
and thus the moft intimate admixture and mu- 
tual penetration of cryftals might take place. 
Way, it is no improbable fuppofition, that by 
'Ae fudden adtnifhon of air to fuch a faturated 
"Huid, or even by the fudden evolution of any 
O 
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gas from it, the inftantaocous cryflallization of 
more than one of the fubftances dilTolved in it 
might be produced. 

It is thus evident, that various fiippofition! 
fufficiently probable can be made, by which 
the fimultaneous confolidation of different fub- 
ftances from a ftate of folution may be account- 
ed for. It cannot, therefore, be faid, that this 
is a difficulty which cannot be explained, and 
■which prelTes againft the theory. On this point 
the Neptunian has every advantage over the 
Huttonian hypothefis. It can be demonftratcd, 
that according to the principles of the latter no 
fuch thing as fimultaneous confolidation could 
take place. No demonfliration of this kind can 
be brought againfl: the other, which at once, 
therefore, gives it the fuperiority. But it can 
claim a Hill higher advantage, fince it is even 
ealy to fliew, in perfect conformity with its prin- 
ciples, how this Angular operation of fimultane- 
ous confohdation might take place. Every 
inftance of it, therefore, fuch as that of chalce- 
dony and calcareous fpar in agates, and othen 
to be afterwards noticed, are fo many proofs of 
the formation of foffils by folution. 

" The common grit, or fandftone, though it 
" certainly gives no indication of having pof- 
" fefled fluidity, is ftrongly expreffive of the ef- 
" feifls of heat. It is fo, efpecially in thofe in- 




" ftances where the particles of quartzy fand, 
** of which it is compofed, are firmly and clofe- 
•* ly united, without the help of any cementing 
I** fubftance whatfoever *." The Neptunian 
j.would fay, that ihis is mere aflertion and no 
argument whatever, as the confolidation of this 
fione, the denfity or compaftnefs of which is 
jBot great, might be produced by the mutual 
|llttra<n:ion exerted between its finer particles ; 
i^r, as all fandftone contains a portion of argil 
or lime, ihefe might alfo ferve, in part at leaft, 
as the conneiSing medium. 

If we ihould, a priori, expefl, from an exa- 
iteiination of the ftrata of the earth, any indica- 
|ion of their origin, or of the nature of the a- 
^nts to whofe operation they had been fub- 
ijefled, it is certain that none lefs ambiguous 
iCould be obtained than that afforded by the 
^Dimal and vegetable imprciBons and remains 
which they contain. Thefe at once afford the 
■double proof, that they have been dcpofited 
£rom water, and that they have not been fub- 
jefted to the adion of fire. 

This proof we ftiall find in all the ftrata, 
snore fparingly perhaps in thofe of the Siliceous 
Ipenus than in the others, but ftill in thofe fo 
Abundantly as to furnilh the moft conclufive 
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the common cement. Nay, the juflnefs trf tia 
aflertion in the objedlion may be denied ; forit 
is poffible, that by the coatioued appUcatioo of 
a folvent to thcfe fragments, they might partly 
be diflblved, partlv Ibfiened. They might thot 
be indented together by preiliire. and a cemut 
at the fame time fonned by srhich they wdoU 
be conrolidated into one mafs. 
" Iq many other inftances it appears certain, 
** that the tlones of the calcareous geons hare 
" be«i reduced by heat into a ftaic of fluidity 
" moch more perfect. Thus, the laUae or finei 
** kinds of marble, and many others that hare a 
** ftrudore highly crytiallizcd, muil have been 
* foftened to a degree little ihort of fufioo, be- 
•* fore this cryftaUizalion could take place. Uvea 
** the pelrifadioiis which abound Co much in 
** Itmeftooe tend to etlablifh the fame fact; for 
** they podels a fparry fiiudure, and mull hare 
" acquired that llnicluie in their tranfition from 
*^ a fluid to a fclid Date *." 

In the firft of ihefc inliances, there is merely 
the gratuitous aflumplion that the ciytlalhza- 
tion producing the fpany appearances of tbefe 
marbles, mui) hare been from fluidity induced 
by fullon, and not &om fluidity occaiioned by 
I'olution. The latter affords an example of a 
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uhgular mode of reafoning. It is acknowledged, 
that the petrifaftions in limeftonemuft have been 
I fufed, becaufc they could only acquire their 
I fparry ftrufture in their tranfition from zjlu'id to 
'■ a folid Jiate, and of courfc the figure and the 
i ftrudlure of the fubftances petrified, which are 
I generally (hells, mud have been loft. But how 
I could this figure be refumed when the fufed fub- 
ftance returned to the folid ftate. If a ftiell in 
[ a mafs of limeftone had been in fufion, it is ob- 
; vioufly impoflible that in becoming folid it could 
[ again afllime its precife arrangement and figure. 
The proof from the prefence of thefe petrifac- 
tions in calcareous ftrata, in favour of the Nep- 
tunian theory, is conclufive. Thefe ftrata are 
fuppofed to be formed in the bed of the fea, 
I and probably chiefly from the decay of ma- 
I rine animals. Their fhells confift principally 
of carbonate of lime ; the animal matter which 
■ is mixed with this is evolved by putrefaction du- 
, ling their flow confolidation, and its place is 
fupplied by a portion of the carbonate held in 
folution by the furrounding water : , from a fimi- 
, 4ar depofition, mixed with fmaller portions of 
\ argillaceous earth, oxyd of iron and other fub- 
'. ftances, their confolidation is completed, and 
the more flow depofition of pure carbonate of 
lime, gives rife to the formation of the fpar and 
cryftals which thefe ftrata always contain. 

04 
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have concreted from a ftate of pwfedl fufion : 
but this fufed matter could not have remained 
ID contacl with the ihell, without melting it 
completely or partially ; and, therefore, fuch 
appearances, which, fo far from being rare, are 
extremely common, are incompatible with fuch 
a fuppofition. 

The conclullon becomes ftill more evident, 
when we confider the extreme delicacy often 
pbferved in thcfc impreflions. The calcareous 
Hone of Monte Bolca is known to every minera- 
logift, for the large and perfect impreffions of 
different kinds of fifh found in it. Thefe arc 
numerous, the entire figure of the fifh is im- 
preffed upon it, and with fuch accuracy, that 
the charadlers of a number of fpecies have been 
eflabliOied. It is abfolutely incredible that an 
irapreffion of this kind could remain on a flone 
fubjefled to an intenfe heat, that the matter of 
the fifli Ihould not have fuffered the fmalleft de- 
compofition, or even mechanical derangement ; 
and the bare infpedlion of thefe fpecimens will 
be fufEcient to convince the unprejudiced ob- 
ferver, that thefe ftrata could not have owed 
their confolidation to fire : but there is no dif- 
ficulty in conceiving, that water, by that flow 
agency ^bove explained, might form fuch petti- 
fa ftions. 
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Another &cl refpeding thefe foffils, wliii^ 
caDDOt be explained Id the Huttoniao hvpothe^ 
fis, has been ftated by Mr. Kirwan, — the abi 
fence of phofphoric acid in the finer kinds of 
marble and limeftone. The Ihells of maiinr 
animals contain a portion of phofphat of 1 
in their compofition, as has been cftablifheJ 
by the experiments of Mr. Hatchet ; this fub; 
ftaoce.Mr. Kirwan juftly remarks, is indeftniaibl 
by heat ; and, therefore, had thefe marbles I 
formed from the remains of marine aoimals.ihe 
ought to contain the full proportion of pbi 
phal of lime, which thefe contain. The ^ep^j 
which Mr. Playfeir gives to this, is extremeJ 
obfcure. To give the argument force, he oH 
ferTes, it would be neceffary to prove, that phof 
pbonc acid exifts in thele limeftones which erf 
dently confilt of (hells in a minetalixed ftate' 
if theie are found without phofphoric acid, it I 
evident that the preceeding argument fails e 
tirely. But this proof is not neceffaiy. Tb 
marble in which no phofphoric acid has beei 
found, is fuppofed, by the Huttonian geologHI 
to be formed from remains of marine antm^ 
e<iually with any other; and the circumttano 
of other marbles or limel^one, containing or no 
containing phofphat of lime, is of no conle! 
quence. If it be found, that other limeftoDe! 




do not contain phofphat of lime, the argument 
will indeed become more general; but, however 
this may be, the objedion, from the particular 
£&&. with regard to the marbles which have 
been analyfed, remains the iame. To the Nep- 
tunian theory, the objedlion does not apply, be- 
caufe the fmall quantity of phofphat of lime 
prefent may be carried off by water. 

It is, lafUy, to be remarked, with regard to 
the calcareous foffils, that the evidence for the 
formation, of at leaft fome of them by water, is 
fo unexceptionable, that it mufl be admitted 
even by the Huttonian. Thus, calcareous cry- 
ilals are often found in fituations where they 
muft necefiarily have cryftallized from a 
folution of carbonate of lime in water. They 
are thus met with lining the cavities of (hells, 
fuch, for example, as the fliell of the Cornua 
Ammonis, and many others. Thefe Ihells 
themfelves confift of carbonate of lime; and of 
courfe they could not contain carbonate of lime 
in perfedl fufion, without fuifering an altera- 
tion. The Hate of fluidity, therefore, from 
which thefe cryftals have concreted, has not 
been that from fufion, but muft have been that 
of folution in water. Another example, not lefs 
equivocal, is that of calcareous ftaladites. Thefe 
have not only in general the fparry texture, but 
are often covered with cryftals, and their for- 
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matioa in the humid way is abundantly obvi. 
ous. The force of this conclufion is evidcDt. 
It is proved, that calcareous cryiials, diffeECiiC 
in no refpeft from others found in nature, are, 
in fome cafes at leaft, formed from folutioo; 
that they are ever formed by the fufion of car- 
bonate of lime, is a mere hypothefis, fupported 
by no dire^ evidence ; — till fuch evidence, 
therefore, be adduced, the Neptuokn has a 
right to regard that which he brings forward as 
conclufive, and to conlider all calcareous cryllaU 
as being formed in the fame mode ; and to this 
concluOon nothing but a Umple poffibility caa 
be oppofed. Even that conjeilure would be, 
a priori, improbable, fince it would be fingular, 
if this foflil fliould be capable of being formed 
both by fire and water, and ftiould receive from 
each precifely the fame form of crydallization. 
And, if it be rendered probable, that calcareous 
cryftals are formed by folutioo, the fame mode 
of formation muft be afiigned to almoft every 
foflil ; for there are very few with which the(e 
cryftals are not fo intimately aflbciated, that the 
fame origin muft necefiarily be given to them 
aU. 

Among the fcHils of the argillaceous oenui, 
the variety of argillaceous iron ore, named the 
feptaria atfords an argument on which Dr Hut- 
ton laid much ftrefs. This foffil is generally 
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found in fpheroidal nodules, which when bro- 
ken exhibit a lingular flrufture. The ground 
or bafe confifts of argillaceous iron ore, but 
this is divided into a number of fepta by veins 
of calcareous fpar, which flioot from the centre 
of the ftone to the circumference, but do not 
reach it. This proves, it is faid, that the cal- 
careous matter has not been introduced into the 
ftone from without by infiltration. " The only 
" other fuppofition that is left for explaining the 
" lingular ftri;£lure of this foffil is, that the 
" whole mafs was originally fluid, and that in 
*' cooling the calcareous part feparated from the 
" reft, and afterwards cryftallized *." 

It might be granted, that the ftruiSure of this 
ftone proves that it muft have been in a fluid 
ftate, and that in hardening, the contraflion of 
the bafe, and the reparation of the calcareous 
matter, had taken place at the fame time, with- 
out its following as a necefikry confequence that 
this fluidity mull have arlfen from fulion. It 
may have been a depofite from water, and the 
ihrinking and reparation may have tiiken place 
duriig its confolidation ; or it might be fuppo- 
fed, with perhaps equal pcobabihty, that the ar- 
gillaceous iron ore only had been depofited ; that 
in confolidating it had fiu-unk and fplit internal- 
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ly ; and as this is adually a porous ftone, if it 1 
were afterwards expofed to water having carbo- 
nate of lime in folution, the water might enter j 
by infiltration through its fubftance, and thecw ] 
vities be filled, as far as they extended, witkJ 
calcareous matter. That thefe feptaria have hadi 
an aqueous and not an igneous origin, is proved'! 
by their fometimes containing impreffions of oMl 
ganic fubflances, particularly Ihells. 

In the argillaceous ftrata, petrifa6tions are ex** 
tremely frequent, more particularly fbells and 
impreffions of vegetables, Thefe are found in 
clay, argillaceous fhiftus, argillaceous fandftone, 
ai^illaceous ironftone, and various others. Thtf J 
argument with refpedl to them, is the fame a 
with regard to the other ftrata in which thc^l 
are found. The operation of fire ought to have | 
altered or deftroyed thefe remains and impreCpf 
fions, nor is any caufe pointed out in the Huti^ 
Ionian theory by which they could be prefen 
ed. 

This argument is conclufive, whether we coai 
fider the deficiency of explanation in the oxA 
theory, or the fatisfaiSory folution afforded b 
the other. Let the example of marine Ihell 
preferved in fandftone be taken. Ifthatfan^ 
ftone has been formed by depofition fromwatel 
it might happen that the fliells of animals esift 
iog in that water, might be involved in the de^ 
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pofite; and, in this cafe, no change wnuld hap- 
pen to them, except perhaps their being more 
or lefs impregnated with particles of the matter 
in which they were depofited. This is accord, 
ingly the (late in which thefe fliells are found, 
and the aclual appearance exactly correfponds 
with that which the theory would lead us to 
expei5t. If, again, the ftratum of fandllone were 
confnlidated by heat, it is impoffible to conceive 
how that heat (hould operate without changing 
the figure or ftru(51ure of the contained fhells. 
Nay, in this example, another circumftance is 
prefent, which ftill more forcibly proves, that 
heat could not thus be applied without produ- 
cing fome change. Argillaceous fandftone 
confifts principally of filiceous and argillaceous 
earth : now thefe ferve as a flux to calcareous 
earth, and caufe its fufion at a temperature much 
lower than that requifite to fufe it when pure. 
Shells of marine animals have this earth for their 
balls; and had heat been applied to them, fur- 
rounded by argillaceous fandllone, fuch a com- 
bioation mull have been efFeiSed. 

Or, let the argument be confidered with re- 
fpeil to the vegetable irapreflions, which are 
often found on fhale or ihiftus. Thefe are fo 
delicate and perfect, that the genus, and even 
the fpecies of the vegetable, can often be deter- 
mined, from the prefervation of the moll deli- 
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cate foliage and flower. It may be aflced of 
the Huttonian, if thefe ftrata were confolidated 
by fire, as he fuppofes, how the vegetable mat- 
ter could be eniirely removed, while the impref- 
fion fhould remain perfect and unimpaired? 
The vegetable matter ought undoubtetHy to 
have fiiffered decompofltion ; for, even if the 
efcape of its volatile parts were prevented by 
the preflure prefent, ftill its principles muft, ai 
der fuch a heat, have entered into new coi 
binations, by which their ftruclure mufl: have 
heeti altered, or, at all events, by the fufion or 
foftnefs of the ftone on which the vegetable, 
mattef lay, its figure mud have been changed. 

Among the bituminous substances, Coal 
brought forward as affording a proof of the ij 
neous origin of foffils, Inftead of Joing fo, 
will be found, like the preceding examples, 
afford the ftrongeft objedtions to the Huttoi 
hypotheiis. 

From the nature of this fubftance, and 
appearances of its ftrata, there can be lid 
doubt that it is principally of vegetable ori| 
The moft probable theory of its formation is, 
that vegetable matter carried to the fea, has, 
by the direftion of currents, been depolited 
banks, and that during this fubmerfton it 
fuffered that flow kind of decompofilioh 
which the greater part of its principles hal 






f 209 j 

■otved in new combinations, while its 
tarbon, with a portion of hydrogen, have re- 
oiained ; and this, mixed with more or lefs 
jeartby matter depofited at the fame time from 
ibe ocean, has in its foft rtate been confohdated 
hy the force of aggregation, and has formed 
j:oal. The deconipofition by which this has 
jieen efied:ed, is probably analogous to that 
■which we know animal matter, when immerled 
in water, fuffers. Its hydrogen, azot, and oxy- 
igev, enter into various combinations, forming 
^fes which efcape ; and its carbon retaining, 
by a chemical attradion, a portion of hydrogen 
jn combination, remains, forming a fpecies of 
Carbon is ftill more abundant in vegeta- 
)}le than it is in animal matter; and this confli- 
tes the principal difference between them. 
9^egetable matter, however, is hable to iimilar 
^ecompolitions ; and under the circumftances 
linted out, it is reafonable to believe that 
phanges of a fimilar kind, modified as to the 
efult by the difference in the proportions of its 
irinciples, will take place : in other words, its 
relidue will be more carbonaceous, but Hill 
ith a proportion of hydrogen, fo as to render 
mcwe or lefs bituminous. We accordingly 
ind, that wood, by immerfion in water, be- 
imes fird brown, and then black; and the lig- 
fous fibre, by flow decompofition, is com 
P 
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pletely converted into a black mould, in whlcfi . 
carbon predominates. It is eafily conceiv- 
able, that this procefs being carried on under 
different circumftances, may proceed with va- 
rious degrees of rapidity, and to a greater or 
left extent. Hence will originate different va- 
rieties of coal, fome being much more carbona- 
ceous than others, white their compofition is 
alfo varied by the different quantities of earth 
depofitcd during their formation. 

It is not improbable that fome fpecies of coal 
may lilcewife have a different origin. It may be 
fuppofed, and indeed muft be, that carbon, in 
common with other fimple fubftances, exifted 
in the chaotic fluid ; and this carbon, combined 
with a portion of oxygen, may have formed a 
variety of coal which was precipitated. This 
probably forms the coal, which is infufible and 
very little inflammable, the mineral carbon, or an- 
thracite, and which is confidered by many miner- 
alogifts as very remote from a vegetable origin. 
From its analyGs it does not appear to contain 
any bitumen, its principles, according ro the 
experiments of Dolomieu and Panzenberg, being 
pure carbon, or at leaft oxyd of carbon, files, 
argil, and oxyd of iron * : and it is obferved by 
Dolomieu, that this foffil, as well as graphite or 
pUsmbago, is found in the primitive mountains, 

• Brochani, t, i. p. 3r. 
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feeherailj' ih veins. The fuppoGtiori offered re- 
fpedling the origin of this variety of coal, is alfo 
confirmed by the fadl, that carbon is found more 
or kfs oxydated in the co.iipofition of feverfd 
primitive foffils and locks. 

Dr. Hutton, however, confiders coal as a fub- 
flance formed by the operation of fubcerraneous 
fire ; and fuppofes that there are I'everal appear- 
ances conneded with it, which prove it to have 
had fuch an origin. It is fomewhat difficult to 
give a clear ftatement of his theory on this fub- 
je(5l ; but it feems to be comprehended under 
the following propofitions : 

Fir/I, It is conceived, that an intenfe heat has 
been applied to vegetable matter at the bottoiii 
of the ocean, and that at the fame time no great 
degree of prelTure has been prefeni- By this 
operation the vegetable matter has been char- 
red, or converted into one fpecies uf coal, while 
the more volatile inflammable matter of the 
wood has been difengaged. idly. This volatil- 
ifed matter being of a bituminous nature. Is fuji- 
pofed to be diffufed in the ocean, and to be 
" employed in forming other firata, which were 
*' then depofited at the bottom of the water." 
To this would be added, " all the fuUgmoiis 
*' matter that is formed m burning bodies upon 
*■ the furface of this earth, which is firlt deliver- 
f* cd into the atmofphere, but ultimately nauft 
P 2 
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' "be fettled at the bottom of the fea *.'* AncI, 
If^ly, Another fupply of bituminous matter is 
derived from the vegetable fubftances diflblved 
or fufpended in the water of the rivers, and 
brought to the ocean. Tbe bituminous matter 
from thefe fources is fuppofed to be precipitated 
either alone, or with apportion of fine earth, 
likewife fufpended in the water of the fea; and 
this precipitate, being afterwards confolidattd 
by fubterraneous heat, forms ftrata of purefbf- 
fil coal. 

It would be an irkfome, and a very unoccef- 
fary ta(k, to enter on the formal refutation of 
thefe various fuppofitions, A ff-w obfervations 
on the moft palpable deficiencies of the theory 
will be fufScient. 

It may, in the firft place, be obferved, that 
there are no ditefl arguments adduced to efta- 
blilli the igneous origin of coal. The theory 
is attempted to be eflablilhed principally by ar- 
guments drawn from its connexion with other 
foffils, which it is to be proved have had an ig- 
neous origin. Thus, becaufe " the beds of coal 
" are difpofed in the fame manner, and are al- 
*' ternated indifcriaiinately with thofe of all the 
" fecondary rocks," it is infeiTed that they 
muft have been formed by the fame operatiott, 
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end that this has been fufion by beat, a conclu- 
Jion founded on nothing peculiar in cog! hut on 
the evidence refpeifling the oi-igin ui thefe fe- 
condary rocks. They are hHo fdid to be " tra- 
" verfed like the other rtrata by veins of all the 
** metals, of fpar, ofbafultes, and of other fub- 
" ftances*." But here likewife the argument is 
not diredl, but depends entirely on its being 
proved that thefe veins have been formed by fu- 
pon. Laftly, the coal flrata are faiJ to " contain 
" pyrites in great abundance, a fubftance that 
" is, perhaps, more than any other the decided 
"progeny of fire*." But this, equally with 
the preceding arguments, refts on a proof with 
refpeft to the origin of a dift'erent fubftance,— a 
Jubilance which it will immediately be Ihewn 
there is every reafon to conclude has been form- 

,ed in the humid way. 

From this ftatement, i: is obvious that no di- 

,ie& argument from the properties or appearances 
of coal, is adduced in proof of its igneous origin. 
Not only, however, is it" unfiipported; feveral 
of the fuppofitions it involves are highly impro- 
bable. Thus, it is imagined that a great part 
of the coal ftraia are derived from bitumen i)ro- 
duced either by the expoiiirc of wood to lublev- 
yaneous heat, by the burning of vegetable mal- 

• lUunritloni, &c. p. 3J. 
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ter at the furface, or by the folution or fufpen 
fion of the oily and inflammable parts of veg< 
tables in the water of rivers ; this bitumen from 
tbefe fources being fuppofed to be diffufed in 
the ocean, and precipitated fo as to form ftrata. 
But how is this matter to be colleifted in one 
place, and, if colledlcd, how is its precipitatioa 
to be effeded. It is lighter than water, efpeci- 
ally fea water : it muft therefore remain at the 
furface, and no caiife can be affigned for its be- 
ing carried to the bottom. 

The peculiar modifications of prefTure fu] 
pofed requifite for the igneous formation of ct 
furnifh another argument againft the iheoi 
" Itmuftbeconridered.'TaysDr. Hutton," that 
" while immerff d in water, and under infuper- 
" able comprefiion, the vegetable, oily, and refin- 
** ous fubflances, would appear to be unalterable 
•* by heat; and it is only in proportion as cer- 
" tain chemical reparations take place that thefe 
" inflammable bodies are changed in their fub- 
" ftance by the application of heat. Now, the 
" moft general change of this kind is in confe- 
" quence of evaporation, or the diRiUation of 
" their more volatile parts, by which oily fub- 
•" ftances become bituminous, and bituminous 
V fubftances become coally *." This, then, 
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the fuppofition which Dr. Hutton choofes to 
make, and which, indeed, appears to be a necef- 
fary one for his theory, that coal is formed by 
heat applied to vegetable matter under different 
degrees of prciUire, the difference in this refped: 
producing a diiference in the rcfult, but that in 
all cafes the prefTure mull: be fuch as to allow of 
fome reparation of volatile principles. 

It might be granted, that this abfence or di- 
minution of preifure might occur in certain fi- 
tuations; but how does it happen that this in- 
difpenfable condition fliould invariably be found 
in the fubterraqean regions, when heat is to be 
applied to vegetable matter. If the ufual pref- 
fure were prefent, that matter, according to Dr. 
Hutton, would remain unchanged with refpeiH: 
to compofition by any heat ; but, in nature, we 
meet with no cotleiftions or ftrata of vegetable 
matter in this peculiar ilate.in which they have 
fuffered heat without being changed, yet, furely, 
fince heat is applied to all the other ilrata under 
imraenfe preffure, it ought alfu to have been oc- 
cafionaily applied under a fimilar preffure to 
the matter of coal. The key to this apparent 
myftery is, however, eafily found. The com- 
mon ftrata are ftippofed to have been heated 
under an imraenfe preffure, which is not in any 
cafe fuppofed to have been abfent, becaufe the 
prefence of that preffure is neceffary, in many 
^4 
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cafes, to obviate certain objections to the fup* 
pofition |of their igneous origin, and, m all, ati 
uniformity is, if polfible, to be preferved. The 
matter of coai, again, is fuppofed to have had 
heat applied to it always under a diminifhed 
preiTure, becavfe that citcamftance is neceflary, 
in the Huttonian theory, to account for its for- 
mation. The bare flaiement of thefe accommo- 
dating coincidences is fufficient to prove that 
they are merely fiditious, and that thefe 
fuppofitions arbitrarily tnade, becaufe they 
iieceflary in the theory. 

Another difficulty may be flated againfl this 
hypothefis of the formation of coal. Pyrites, 
or fulphuret of iron, is fuppofed to be formed 
by heat, and this heat is fuppofed to have been 
apphed under fuch a preflure, as has prevented 
the fulphur, which is a very volatile fubftance, 
from having been driven off from the iron. 
Since pyrites occur, therefore, fo abundantly m 
coal, a dilemma is prefented to the Huttoniarj 
geologift. If he fuppofe the vegetable mactei 
of coal to have been fufed under an immeofe 
preffure, capable of refilling the efcape of its vo- 
latile parts, he contradicts the author of the 
theory, wlio tells us. that under fuch a preffure, 
that matter could not have been formed into 
coal, a propofition which, according to his hy- 
potliefis- apjisars to be peitedly jull. If he fug- 



pofe the heat to have been applied under a dinii- 
nifhed preffiire, To as to allow of the decompofi- 
tion of the vegetable matter, and the expuUion of 
its volatile principles, he will have the tafk of ex- 
plaining how, in fuch a fituation, pyrites could 
be formed and cryilailizcd. Nay, the diiliculty 
is ftill greater, for this fubilance is found in that 
fpecies of coal which' is little intiammable, and 
which, according to the Hutionian theory, ii 
fuppofed to have had heat applied to it under 
fo little preflUre, that all its bituminous matter 
had been expelled. Mr, Kirwan relates, that 
the Kilkenny coal, which is of all others the 
inoft completely deftitute of bituminous matter, 
contains pyrites* ; and Dr. Hutton himfelf men- 
tions a fpecimen being in his ponefliQn of pluns- 
bago, (which he confiders as the laft of the 
fedes, or as coal completely deprived of bitu- 
men) Iludded with pyrites -j-. The explanation 
pfthefe appearances, according to the Hutto- 
nian fyftem, involves a direct contradiflion in 
terms. To account for the formation of this 
fpecies of coal, it is faid to have been fufed with 
an entire abfence of preflure, fo that all its bitu- 
minous matter has efcaped. Pyrites, again, is a 
fubftance faid to be formed by fufion, but un- 
der a ftrong preflure, by which its fulphur, a 

* Gtological Effays, p. 473, f Th«orj oi the Eirth, Tol. i. p. 616. 
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fubftance at Icafl: as volatile as bitumen, is kept 
in combination with the iron. It would, there 
fore, according to this theory, be impoflible that 
coal of this kind and pyrites fliould exiil toge- 
ther, the circumftance fuppofed neceflary ft 
the formation of the one, being that which rai 
inevitably have deftroyed the other. 

A fimilar argument, equally forcible, may be 
deduced from the connexion of limertone with 
coal. No arrangement is more common in ge- 
ology than that of hmeftone alternating with 
coal, or covering it. The formation of lime- 
ftone, in the Huttonian fyftem, is afcribed.to 
fulion, under valt comprefiion, by which the 
carbonic acid has been retained in combination 
with the lime ; and the advantage which the 
admillion of this modifying circumOance gives 
to the Huttonian geologill in his reafonings, is 
very amply, perhaps oftentatiouily difplayed in 
the defence of the fyftem. It is always ad- 
mitted, however, that but for this circumftancc 
of compreffion, the confolidation of limellone 
by fufion could not be accounted for. Tl 
formation of coal, on the other hand, it 
tended, cannot take place but when preiTure is 
diminilhed or withdrawn. When limeftone 
covers coal, it can have been confolidated only 
by the heat operating through the coal. Bi 
if preflbre were prefect on the Umeftone al 
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how could it have been abfent from the coal 
beneath? Tn fuppof; this is a palpable ab- 
furdity ; and therefore, were the Huttonian the- 
ory true, either the cual fhould not have been 
formed, or the Umeftone fliould have been con- 
verted into lime. 

Among the saltne substances, Rock Salt is 
adduced as aSbrding an argutnent in favour of 
the Huttonian theory. This fubftance is found 
generally in flrata, and it Js perfedly compaift 
and indurated. This ftate, it is faid, could not 
be produced by cryftaliization from water ; a 
mere afletnblage of loufe cryftals, without foli- 
dity or cohefion, only could be formed ; and 
to convert thefe into a firm and folid rock, 
would require the application of fuch heat as 
was able to reduce it inro fufion, " The con- 
" folidation of rock fait, therefore, cannot be 
" explained hut on the hypothefis of fubterra- 
" ncous heat*." 

The Neptunift will find no great difficulty in 
obviating this argument. If the cryllallization 
has, from alteration in the circumftances of the 
folution, been hally, it is conceivable that, in- 
Head of an ailemblage of fmall regular cryftals, 
large and compacl: cryllalUne mafles might be 
formed j or even if the fait firft depofited had 

^ tlliftnliotu, &C. 
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but that even much of the muriate of foda now 
found in fea water, may have been redifllilved 
ftom ftrata formed. Or we may modify thi» 
esplanation, by the equally probable fuppol 
tion, that at firft the foda and the muriatic aci 
oi' the fait had not been in combinatioo, 
l<fiat, in the courfe of the various alterations of 
■attradions from the precipitations of the ftrata 
ihey had been brought together, had unite 
and if locally accumulated, cryftallized, Sud 
a fuppofition receives confirmation from the fad, 
that in many of the ftrata, in trap for example, 
at:cording to the excellent experiments of Dr. 
Kennedy, both foda and muriatic acid exiftg 
and fea fait itfelf is found fometimes among pti 
mary ftrata. This genera! hypothefis, modified 
in either of thefe ways, involves no improbable 
fuppofitions, and is perhaps adequate to the ex- 
planation of the produi^tion of this foffil. 

Another faline fubllance, a variety of carb< 
nate of foda found in Africa, is ftated by D^ 
Hutton as aifording a proof of confolidatioi 
from fufion. This fubftance is fuppofed to haW 
been part of the contents of a vein, as it has>n 
ftony cruft adhering to one fide of it ; it haaii^ 
fpiirry flrudure, and contains only about one 
iisth of the quantity of water of cryftallizatiol 
contained in the ufual cryftallized ftate of cU 
fah. It is this laft circumftance which is-coj 
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origin of f Oct fait ; but there are no appearances 
in this foffil inconfiftent with the fuppofition of 
its aqueous origin. The Neptunifts have fup- 
pofed, that it may have been formed by collec- 
tions of the original fea water in hollows, among 
the flrata, having fuffeved evaporation during 
the temporary retreat of the ocean, and that 
thefe having been fucceflively filled, have fur- 
niflied the ftrata of rock fait. But it is a flrong 
obje^ion to this, and all other theories which 
derive it from the evaporation of fea water, that 
it does not contain the faline fubftances which 
are diflblved in that water, or at leaft does not 
contain them in the due proportion, and that it 
contains fewer remains of marine animals than 
we fhould expeft, had it had fuch an origin. 
Perhaps we may fuppofe, that the faline fub- 
flances, in common with others, had exifled in 
the original fluid in which all the materials of 
the ftrata were diflblved,- — -that part of thefe be- 
ing locally accumulated, in the fame manner as 
the materials of every other Itratum have more 
or lefs been, from circumftances which we can- 
not determine, had been confufedly cryflallizcd; 
and that any remaining portion had been ret^n- 
ed in folution by the water, thefe falts of courfe 
remaining in it, in encreafed proportion which 
were leaft difpofed to cryftallixc. Such is the 
muriate of magnefia ; and it is not impcfllble 
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every other fubflaDce which the Tea waierb 

held in folution ; or rather, if it ever had bec 
brought to the fea, it qiuft have immediately b 
decompofed by the muriate of magnefia prelcnt, 
and could never have exitled m the waters of 
the ocean. The Huttonian theory b therefore 
aflually incapable of affording a luppofitioo, by 
which carbonate of foda, as a foifil fubftance, 
could be formed. Mr. Kirwan adds, as a proof 
that it has not been fufed, its containing fomc 
grains of fand, which would necelTarily, in foch 
a cafe, have been vitrified. And were it fup- 
pofcd to have been in fulion, it would require 
to be explained how the preflure was fo nicelv 
adjufted as to admit of the greater part of iu 
water of cryflallization being driven off, ^hile 
none of its carbonic acid, even though it be 
fuperfaturated with it, and of courfe retains the 
excefs by a very weak affinity, had been expelled. 
The produflion of this fait, if it really be part 
of a vein, may be explained on the Nepttmiaa 
fyftem by a 0milar hypothefis to that propofed; 
to account for the formation of rock fait, and 
from its hatly cryftallization.orits fuper-iatura- 
tion with crbonic scid, (which, firom its anal^: 
fis, is found to be the cafe,) the ■ 
qu.infiiy of water of cryftallization in it mayd 
accjunred tor. If the fad, however, be t 
which Bergman ftates, that the carbonate of 4 




•la found in the earth, both in India and Africa, 
u free from common fait at the furface, but be- 
comes contaminated by it as it defcends deeper, 
it is probable that this fait may have been form- 
ed at the furface from the decompoiition of mu- 
riate of foda by fome unknown power, and from 
this mode of formation its containing lefs water 
of cryftallization might arife. 

In concluding chu argument with regard to 
the faUne fubftances, the formation of one of 
them which is not noticed in the Huttonian 
geology, gypfum or fulphat of lime may be 
fiated. This fait is foluble in 500 times its 
■weight of water ; of courfe, had it exilled in the 
aocient world, and been brought by difintegra- 
tion to the ocean, it muft have remained diflblved 
in the water till that fluid was faturated with it; 
and there probably does not exill in nature a 
quantity fufficient for that purpofe. It would 
then remain to be explained how it could be 
coUedted in particular places, and be precipitated. 
The theory, applied to the formation of fea fait, 
will here be of no avail ; for (liould we fuppofe 
it prefent in a large proportion in fea water in 
a particular place, the evaporation of that water 
could not account for its confolidation, lince it 
iDuft have been accompanied with fea fait, a. 
fubflance of which, according to the experi- 
ments of SaulTure, gypfum frequently does not 




contain an atom. This, therefere, is anoftet 
foOil. for the furmatbn of which the Huttooiao 
theory cannot account. Its origin, on Nept** j 
nian principles, may probably be explained (4fl 
the fame manner as that of ronk ialt. ^ 

The ftate in which the meials are f.^und 'm 
nature, either pure or combined with other fub- 
ftances, appears to aftbrd a ftrong argument in 
fiiyoiir of the Huttonian hypoihefis ; for the 
fluidity from which ihey have conro!ida[ed may 
have been produced by fufion, but we fcarcely 
can point out by what foivent it could have 
been effet^ed. Gold, Giver, copper, and feme 
others, are frequently found native or UDCom- 
biocd. " Of all fuch fpecimens it may be fafc- 
" iy affirmed, that if they have ever been fluid, 
" or even foft, they muft have been fo by the 
*' action of heat ; for to fuppofe that a metal bu 
*' been precipitated pure and uncombined trom 
" any roenftruura is to irefpafs againtl all aualo- 
*' gy, and to maintain a phylical impofiibility*." 

The aflertion in this paragraph is much ftronger 
than what the fafts can eftablilh ; for although 
it may be diiEcult to point out the mode in which 
metalti have adlually been precipitated, yet their 
precipitation from any mcnflruum, fo far from 
bciog a pbyficai impofiibility, is what happ«M 

f lUuftraLiona, SlC, p.jj. 
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tvery day, and can be efFeded at pleafure. 

Metals in a (late of combination with acids, 

and in folution in water, are thrown down in 
I their meraliic ftate by each other, by hy- 
j drogen, fulphurated hydrogen, and various 

other inflammable bodies. The Nepcunlrin will 
I readily acknowledge, that it is extremely diffl- 
I cult to point out, even by hypothcfis, by 
I what particular at^ency the metals found in na- 
L ture had been diflblved and precipitated, but 
[ itc the fame tine he has ample demonftration, 
V that it is in this way, and not by fufion, that 
I they have been formed. 

|. This proof is obtained from the cryftalllzed 
■ ftate in which they are frequently found. " Spe- 

i" cimens of quartz, containing gold and fdvec 
*• ihooting through them, with the mod beauti- 
** ful and varied ramifications, are every where 
" to be met with in the cabinets of the curious, 
I *• and contain in their ftrudture the cleareft proof 
" that the metal and the quartz have been both 
" foft, and have cryftallized together *." 

It may be pronounced a phyiical irapuflibili- 
tj, that from limple fufion quartz and gold, or 
quartz and filver, cuuld cryltallize together fo 
as to exhibit thele appearances. Thefe metals 
are fiifed at a heat, which, compared even with 

* lUuflratlonE, Sic. p. 59. 
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the degrees of heat we have it in our power t« 
produce, may be termed very moderate, while 
quarti we are unable to fufe. If, therefore, both 
fubftances were in fufion, on a redudion of tem- 
perature, the quartz muft have become folid long 
before the metal ; and i' is abfolutely impofCble 
that the metal could have Ihot through the 
quariz. Or, to place this in a pohir of view more 
precife, gold melts at a temperature equal to 32 
of Wedgewood's pyrometer, and at all tempera- 
tures above this it mull remain fluid : Quartz 
does not melt at the highefl heat that has been 
accurately meafured ; but, according to the ex- 
periments of Sauffure, it is not lefs than 4043 
of Wedgewood's fcale, and confequentlyat every , 
temperature below this, muH continue fnlid.-JJ 
Grant, therefore, to the Huttonian, that bo^M 
quartz and gold were in fufion, it is evident that 
on a redu6tion of temperature to 4000, the 
quartz would become folid, or cryftallize ; but it 
is equally certain, that at this temperature, and 
for more than 3900 lower, the gold muft re- 
main fluid : the fuppofition, therefore, that the 
gold could become folid, and Jhoot through the 
fluid quartz, involves a direifl contradidlion in 
terms, or fuppofes a phyfical impoffibility ; and 
of confequence, the various appearances in thefe 
fpecimens which prove that the metal and quartz 
had cryflallized together, or that the former had 
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Cfyftalliied firfl, prove, as mach as any pheno- 
mena can, that thefe cryflallizations could not 
be from fimple fufion. It will not furely be pre- 
fumption to affirm, that if this be not admitted 
as an undeniable conclufion, as affording even a 
demonftration as certain as any can be, all rea- 
foning oil the fubjed muft be given up, for it is 
impoffible to conceive a propofition more evi- 
dent, or the reverfe of which involves a more 
palpable contradidion in terms. The ftatamerlt 
of thefe fads, as favourable to the Huttonian 
fyftem, affords a ftriking example how far the 
mind may be milled by a favourite hypothelis, 
the very appearances which prove its falfity be- 
ing adduced as proofs of its truth. 

One mode might perhaps occur in which it 
might be attempted to remove this difficulty. 
It may be conceived, that the quartz had firft 
become folid, and that merely the fiffures of 
it had been filled with cryftalliied gold. But 
fuch a fuppofition has been very clearly refuted 
by Mr. Playfairhimfelf. " Between the channels 
" in which the metal pervades the quartz, and 
*' the ordinary cracks or fiffures in (tones, there is 
*' no refemblance whatever ; a fyllera of hollow 
*' tubes winding through a ftone (as the tubes 
" in quellion muil have been before they were 
" filled by the metal), is itfelf far more incon- 
" ceivable than the thing which it is intended 
Q.4 




The argoment, a priori, that pyrites camtat 
be formed in the humid way. becaule neither 
tiie fulpbur nor the nu^tal is folublc in nater, 
U foiioded on an erroneous conclufion ; for, 
granting the ^^, each might have been coio- 
Uned ^Tith other fublUnces which would neo- 
drr thetn falubls, and, in this tlaie of iblmion, 
Aey might, from the chemical aftinity fubfilting 
between tliem, leave the fubilances with which 
they were united, and combine together. Thie 
•dually happens in the example of fulphurated 
hydrogen, with a number of the metallic &lt9 
or oxyds. It' this compr.und of hjdrogen and 
fiilphur, be introduced into a folution of any of 
the falts of lead, the hydrogen combines with 
tiie oxjgcn of the metallic oxyds, and the lead 
combines with the fulfhur, forming a com- 
pound which, according to the obfervation of 
Vauquelin, has all the piopeitits of galena. It 
is not even neccfl'^ry that the metal Ihould be 
Combioed with an acid, for if humidity be pre- 
fent it will be nxydaced, and upon this oxyd 
the fulphurated hydrogen is capable of B<3iog 
and producuig a metallic compound, or the fame 
iubtl 'Hce is even capable of acUng on the pui 
ntetals. 

This argument mu{l he admitted as perfedt 
Jy conclulive, when It is proved, that pyrite? 
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atifl oftttT compounds of the metals wifh fulphtrr, 
are formed by nature in the humid way, and of 
this the prooft are abundant. 

Thus pfvites is found in fituations which 
ckarly indicate its aqueous formation. It IS 
allbciated with calcareous cryflals lining the in- 
ternal cavity of Iheils, which could not have 
be<Ti in fufion, fince the heat neceffary to fitfe 
the pyrites, or tiie calcareous cryllals, muft have 
deftroyed the texture of the (hell, — it is oftcii 
to be traced in the impreffions of organic fub- 
ftancfis, p.irticularly of animal remains in coal 
and other foffils ; it exiils in brtaminated wood, 
which, it mult be granted, could not have been 
fufed ; and it has been found forming on the 
forface ot wood, in mines, and in other fitaa- 
tions, nbich etlabJifli the fame conclufion. a£ 
which fcveral examples are ftated by Mr. K.ir- 
wan *. 

The oh ervations of Mr. Wifeman on the ef- 
fciSs of the waten of tbe Mere of Difs on me- 
tallic fubdances; and the farther experiments 
and obfervations f Mr. Hatchet, on the fame 
fubjeft, arc alfo particularly valuable in proving 
the humid formation of thefe compounds. Mr, 
Wifeman obferved, that flints, and other ftoncs, 
iauncfied for fome tinne in this Itagnant water, 
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were incmfted with a metallic ftain. 
qnalyfis, was found to be fulphuret of iron ; and 
when copper was kept in this water, it was en- 
crufted by a fubflance which was found to 
compofed of 70 parts of copper, 16. 6 of fuW 
phui, and 13. 3 of iron. This encruftation was 
even found in a cryftallized ftate. Thefe experi- 
ments on this fubAance, and on the encraAatioa 
of martial pyrites on the flints, were confirmed 
by Mr. Hatchet. With refpeft to the lattef, 
he obferves, there could be no helitation ; and 
the former he conlidered as " in every property 
" fimilar to that rare fpecies of copper ore, ca!l- 
" ed by the Germans Kupfer fib-wartze, (cu- 
" pruni ochraceum nigrum) and abfolutely the 
*• fame." At the defire of Mr. Hatchet, filvi 
was immerfed in this water, and it was found t( 
be encnifted with a fubftance " fimilar in every 
" refpedt to the fulphurated or vitreous ore of 
*' filver, called by the Germans, Glafertz." 
The fame diflinguilhed chemifl adds, that efie^ 
fimilar to thefe, on a larger fcale, there is reafon 
to believe, " have been, and are now daily pro- 
'♦ duced in many places. The pyrites in coal 
" mines have probably, in great meafure, thus 
" originated. I'he pyritlcal wood may thus 
" have been produced ; and by the fubfequent, 
'* lofs of fulphur, and orydation of the iron, this 
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f pyritical wood appears to have formed the 
•f wood like iron ore, which is found in many 
" parts*." Of the formation of metallic ful- 
phurets in the humid way, there can therefore 
be no doubt, and inftead of having any difficulty 
to encounter in explaining the origin of thefe 
fubftances, the NeptunUl may juitly bring them 
forward, as affording a proof of his theory, and 
a proof of conliderabie importance, from tho 
extenfive connedtions they have with other 
fofUls. 

If it were necelTary to fay more on this fub- 

rjeifl, which perhaps it is not, it might be remark- 
ed, that from the manner in which thefe com- 
pounds are aflbciated with certain foflils, we 
have the fame demonftration as in the example 
of the pure metals, that they cannot have been 
formed by fuiion. Not only the fulphuret of 
iroi., but thofe of antimony, mercury, and filver, 
are frequently found cryftallized or difleminated 
through quartz and other foflils. Now thefe 
1. fulphurets are very eafily tufpd, while thefe fof- 
fils are comparatively inmfible ; it is therefore 
impoffible that the tbrmer eould have cryllalliz- 
ed within the latter, or beeu difleminated through 
tjiem, lince, to admit of its regular cryflaliiza- 
^iop, or even of its diflemination in another 

Philofophital Tranf. 1796. p. 567. 
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prefumption, that both had confolidated from 
fufion ? Yet the hS., as il is, is Hill ftronger in 
proving, that fuch could not have been their 
origin, fince it is an evident impoffibility, that, 
in two fubftatices fufed together, the mod fufible 
Ihould concrete before the one that was leaft 
fufible, or required the greatefl heat to keep it 
fluid. Had the fornaer even been congealed by 
fome caufe, of which we can form no conception, 
the high temperature keeping the other, fluid, 
muft have again immediately fufed it. 

Under ibis head may be noticed feveral fafls, 
affording an argument of afimilar kind ; — thofc 
in which foflils are regularly cryftallized, in 
others which are much lefs fuiible. Thus be- 
fides the cryftallization of felfpar in granite, te- 
gular cryftals of it are not unfrequently found 
embedded in quartz, a proof which cannot be 
eluded, that the felfpar has become folid, while 
the quartz remained fluid, contrary to what 
mull have happened from the known fufibiUties 
of thefefubltances, if they had confolidated from 
fufion. Shoil is a fubllaiice of comparatively 
eafy fufibiiity. yet it is often cryltallized in 
quartz, the fibres of the fliorl being finer even 
than the human hnir, Ihooiing through a large 
mafs of quariz in every dicedion, and with vari- 
ous wavings and incurvations, fo as to prove 
decifively that the quartz had been completed 




liquid when the fhorl cryftallized. Afbeftos is 
another fubftance found fliouting in the moft 
delicate fibres through quartz, though it melts 
at 378 of VVedgewoud's fcale. And, without 
enumerating more examples, micaceous iliiftus 
is a rock of very diiEcult fuiion, yet it is the 
common matrix in which garnets are envelop- 
ed, and though thefe are much more fufible, 
they are cryltallized in its fubliance with the 
greatcft regularity. It mull be fuperfluous to 
repeat the argument from fuch fafts. If they 
do not prove that thefe foflils have not been 
formed by fufion. no conclufion can be eftablifh- 
ed in geology, and we may retinquilh every at- 
tempt to theorife. 

Whin or trai" is a rock into which granite 
infenfibly graduates, fo that what is proved with 
refpefl. to the one, may be confidered nearly as 
proved with regard to the other. There are 
fome particular facts, however, with regard to 
whin, which arc fuppofed by the defenders of 
the HuCtonian theory to prove its igneous origin. 

Whin, it is faid, referables lava in its appear- 
ance fo much, that Ibrae varieties of it have been 
miftaken for volcanic products. This refeni- 
ibtance " leads to fufpeft, that the two ftones 
*' have the fame origin, and that as lava is cer- 
*' tainly a produdion of fire, fo probably is 



\ 
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" whinftone*." Any divcrfity exifting be- 
tween them coniiils principally in whinftone con- 
taining calcareous fpar, which lavas do not ; and 
this diverfity is likewife explained in the Hutto- 
nian fyftem ; as this fubilance might be formed 
in whin, from the fufion of it having been under 
an immenfe preflure, while lava, being in fiafion 
expofed to the air, it mufl: have been decompof- 
ed. " Thus/* it is added, " whinftone is to be 
^* accounted a fubterraneous or unerupted lava ; 
** and our theory has the advantage of explaiji- 
" ing both the affinity and the difference be- 
'* tween thefe ftony bodies, without the intro- 
** dudlion of any new hypothefis. In the. Nep^ 
'* tunian fyftem, the affinity of whinftone aod 
^* lava is a paradox which admits of no folu- 
" tionf." 

To this argument it may be replied, that tbe 
tnere refemblance in appearance between diffe- 
rent fofiils is a yery weak proof of a limilar ori- 
gin, lince in many cafes clofe refemblances ate 
to be traced between foffils altogether different 
in their nature. But were it a juft conclufioD in 
general, in the prefent cafe it is not fo, becaufd 
the refemblance can be otherwife very eafily ex- 
plained. It is extremely probable that lay2| 

* Illuftrations, &c. p. 68, 
4 Illuftrations, &c. p. 69. 




is formed from rocks of the nature of whin, 
fufed by the volcanic 6re. It is apparent, 
from the defcriptions of Spallanzvini, and other 
mineralogies, that rocks of this ipecies are the 
bafis of volcanic countries : zeolite, leucite, and 
other foflils, ufually found in rocks of this order, 
are iikewife contained in lavas, altered, but, ac- 
cording to the opinion of the beft mineralogies, 
not formed by the volcanic fire. And, laftly, 
the excellent anaJyfes of Dr. Kennedy prove 
the near refemblance in compofition of trap 
and lava. They (how, as he hioifeif obferves, 
*' that whinB, and a certain clafs of lavas taken 
" from remote quarters of the globe, confift of 
" the fame component elements united in each, 
" nearly in the fame proportion. The only cir- 
" cumftance in which they materially differ, is 
■' the lofs of fome volatile matter in the fire, 
" which is pecuhar to the whins alone." The 
conclufion, therefore, evidently amounts even 
to more than a high probability that lava has 
been formed from the fuiion of trap ; and if this 
be true, the refemblance between them is no 
proof whatever of their having had a fimilar 
origin. Whatever may have been the origin of 
the trap, — although it be of aqueous formation, 
it is perfe6lly conceivable, that if fufed, as none 
of its principles are loft, it might form a fub- 

R.I 
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fiance Tcrj fidiilar in its properties to the trap 
in its original ftate. It is equally erident, that 
the difference between trap and lara, that of 
the latter containing no carbonate of lime, is on 
this fuppofition fully exj^ined, fince, if the trap 
were fufed in an open volcanic fire, the carbo- 
nic acid would be expelled from the hme. The 
affinity, therefore, between lava and whinftone, 
in fome points, and their difference in othen» 
are fully accounted for, and cannot be regarded 
as forming, '' in the Neptunian fyftem, a para- 
**' doz which admits of no folution/' 

But there is a difference between thefe fub* 
fiances not noticed by the Huttonian geologift, 
and for which he will find it difficult to account. 
We are told that trap differs in lava, in nothing 
but in the circumftances of their formation, the 
one hating been melted matter erupted at the 
furface while fluid, the other haying been thrown 
up among folid ftrata, and confolidated under an 
immenfe preflbre. Hence is explained the pre- 
fence of carbonate of lime in the one, while it 
is not found in the other ; and it follows, from 
the opinion itfelf« that lava and trap Ihould dif* 
ftr from each other in nothing but in fuch pro- 
perties or appearances as are capable of being 
produced by the caufe thus fpecified. Will the 
Huttonian geologUl then inform us whj agates, 




ahd rtiafles or veins of quartz, or even regulat 
cryftals of it, which are abundant in bafalt, are 
tiot to be found in lava? The abfence of com- 
preffion could not prevent their formation, or 
render them more ready to be deftroyed if they 
were formed ; and it is evident that lava and 
trap ought, according to the Huttonian theory, 
to differ in nothing but what this abfence of 
compreflion in the one cafe could occafion. 

The columnar ftrudure which the clofe-grain- 
ed whin fomeliraes afllimes, forming bafalt, has 
been fuppofed a proof of its igneous origin, be- 
caufe the fame ftruClure, it is faid, is fometimcs 
aflumed by the lava ai^tuaUy erupted from voU 
canos. It is to be obfeived, that in the greater 
number of lavas, cooled under every variety of 
Ctiiation, either flowly by cxpofure to the air, 
or rapidly by having flowed into the fca, this 
columnar appearance is not to be obferved ; and 
many of the inftances which have been given 
are extremely doubtful, from rocks not volcanic 
having been fo often confounded with lavas. If 
it be admitted that real lavas do fometimes af- 
fume a columnar form, (and fuch inftances, if 
they exift, are extremely rare,) ftiU thcfe fafts 
clearly ihow that this has not been an effeift ari- 
iing from their fpecies of fluidity, or their mode 
of confohdation, as in by far the greater num- 
ber of cafes in which thefe caufes muft have 
R4 
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^ fqually operated, it is abfent. Did it arife, in- 
deed, from either of them, it ought to be ob- 
ferved in almoll all the varieties of whin, and 
might even be expected in the other unftratified 
rocks. It may therefore be afcribed with more 
■probability to another caufe ; — the peculiar na- 
ture or compoiition of the matter of which lafB 
confirts : And if this, as there is every leafon to 
beheve, be the real caufe, it is evident, that fince 
bafalt is perfedlly funilar in compoiition to lava, 
it might alTume the fame form in its confblida* 
tion from an aqueous origin : that, in fhort, if 
the form do not originate from the mode of cotl- 
folidation, hut from a property belonging to the 
fubJiance itfelf, and originating in its compofi- 
ttop, it may equally be exhibited by lava be- 
coming folid from fufion, and bafalt becoming 
folid from folution. It is not improbable that 
this property may arife chiefly from the predo- 
minaqce of argil in thefe foflils, as it is found 
take place even in other argillaceous foflils, 
in the argillaceous iron ore, fomc Tarietii 
marl, and even fome of argillaceous fapdfti 
— fubiliances, fomc at kail; of which have 
dently never been fufed. 

" A mark of fulion, or at Icaft of the opera- 
' tion of heat, which whinftone poflefles in com- 
" mon with many other minerals, is its I 
" penetrated by pyrites — afubftance,a3ha» 
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■Iready remarked, that is of all others moll ex- 
clufively the produftion of fire *." The fupe- 
rior probability of pyrites being of watery ori- 
gin has been already lhown,,and of courfe this 
{&& becomes a ftrong argument for the aqueoiu 
formation of whin. A fimilar argument is that 
derived from the prefence of agates in trap, thefe 
fojUils being fuppofed to give indications of 
having been formed by fire. This fuppofition 
has already been confidered, and the conclufion 
endeavoured to be proved, that, in common with 
other foflils, they owe their formation to the 
agency of water. 

The lail argument for the igneous origin of 
whin, which has not been noticed, is that de- 
duced from the experiments of Sir James Hall. 
It bad been often ilated, as an objeftion to the 
opiniofi that bafalt was of igneous origin, that 
it ought to have a vitreous luftre and frac- 
ture, fince from melting any earthy combina- 
tion fome fpecies of glafs is always produced, 
and fince bafalt itfelf by fufion aflually forms a 
real glafs. Sir James Hall, by a number of ex- 
cellent experiments, has clearly fhown, that 
when this ftone is brought into fufion, if the re- 
frigeration of it be very flow, it afiiinies the 
ftony chaiafter, or is fcarcely diftinguiiliable 
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from the real bafalt, and that it is only whco 
haftily cooled that it acquires any of the pro- 
perties of glafs. 

By fome of the defenders of the Huttonlao 
theory the conclufions from thele experiments 
have been carried much farther than they war- 
rant, or than their author has ftated. Becaufefrom 
the fufion of trap or bafalt a fubftaoce timilar to 
thefe foffils was by particular management pro- 
duced, it has been concluded that this affords 
a proof of fufion being the means of their firft 
formation. This conclufion is an evident mif- 
take : the fufion of the bafalt, as it contained 
no volatde fubftance of importance, could not 
alter its compofition, and of courfe when it again 
became folid, it would (lili be endowed with its 
former properties. Even if the iimple earths 
of which bafalt confifts had been mixed to- 
I gether in the proportions which its analyOs af- 
fords — if by fulion thefe had been brought into 
union, and formed a fubllance fimilar to natu- 
ral bafalt, ftill this would not have proved the 
igneous formation of this foflil ; for as all com- 
pounds derive their properties from their com- 
polition, if their conftituent parts are capable 
of being brought into union by the humid wajj 
and alfo by fufion, it may be expefted that jj 
fimilar compound will in both cafes be formed 
and the aflual produdion of fuch a compoui 
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? one of thefe modes, would not prove that IT" 
was incapable of being formed in the other. 
Had therefore this experiment been made, no 
conclufion of this kind could have follow- 
ed, ftill lefs can it be inferred from mere- 
ly fufing natural bafalt, and finding that by 
flow cooling a fubftance iimilar to it is form- 
ed. In ftrift reafoning, this experiment adds 
nothing pofitive to the evidence of the Hutto- 
nian lyrtem ; it only removes an objedion which 
could have been urged with julUce againrt it, — 
and in this point of view it may be prized by 
the defender of that docSrine. 

It is remarked, that " the experiments of ano- 
" ther ingenious chemift, Dr. Kennedy, have 
" fliown, that whinftone contams mineral alkah, 
" by which of courfe its fufion mud have been 
" aflifted*," It may be added, that the prefence 
of this alkali would not Icfs contribute to the 
folubiliiy of the matter of whin in water. 

Beiides the proofs of the aqueous origin of 
whin, which have been noticed in the courfe of 
this argument, it may be added, that there are 
fadls which indifputably eftablilh it. Thefe arc, 
the exiftence of foreign bodies in it, which 
could not poffibly have been prefent had it 
be n thrown up in a ftate of fufion from the 
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ches, lavec. aod finBt.*sd ofcfcne^ tfaoticif 
fiinidinKs fomw to 
fore obferved in kfaoaeiof 
otbcT mtnenlo^fis hsTe finad Ifacfii, v^etabk 
BDpnBOOS, and ^Bpamtx of wood. It Im 
been ftated wkk vriped to fane of Adc, Atf 
r arefbuod, not iadKhafak, bu ia ftnn 
b ahenute vkb k ; and id fime caies thit 
appean to bare been cbe cafe. Bac in the ob> 
ferrawras of Wemer and °--^t — we are not 
at Itbcny to fiippofe cbac tbej^ cavnitted fo 
obrkw ■ mtftabe ; and tbefdbfe tfaefe obfer- 
vattons aie dedfive peoo6 of ifae aqneoos oiigio 
of tbde rocks. 

Tbe properties tfcesefixe cf the fubftaaces 
compofing tbe iitifluiifii-^ racks equaUy mth 
ibdr pofitio oi exclude tbe operation of 
•ad piofc ibcm to be of aqueous origin. 
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Wc bave thus ctmi pieced tbe examination of tbe 
■DTTOSiAK and nit tcni4X tbeories; and it can- 
not be difEcultlofbnn an opinion on Their merits. 
To tbe Huttonian fvtlem belongs tbe praife of 
noTeUjr, boldnefs of coooepuon, and extent of 
views. Its author basafpired not merely to ac- 




^ count for the prefcnt appearances of the eartb, 
but to trace a fyftem in which the formation of 
fucceffive worlds is developed ; he has fought 
to extend that order and arrangement, that 
principle of balance and rertoration obferved in 
all the departments of nature, to the conflitu- 
tion of the globe itfelf; and he has fucceeded in 
drawing an outline which gratifies the imagina- 
tion with the femblance of grandeur and deflgn. 
But thefe are the only merits of the theory, 
and they have certainly been much over-rated 
by the partiality of its defenders. When full 
fcope is given to the imagination, when the 
reftraint of ftria induftion is not irapofed, expe- 
rience, and efpecially experience in geology, has 
ibown, that it is no difficult tafk: to conftrudt a 
fyftem, and to give it in appearance that unity 
of principle, and adaptation of parts which are 
the attributes of a perfeifl: theory. This may 
be what the author of the Huttonian fyftem has 
attained ; but a more jurt and cautious reafoncr 
would have ftartled at the po/iuiata the fyftem 
requires, and would not have thought their ex- 
travagance and improbability, their inconfiften- 
cy with phenomena, and their oppofnion to e- 
ftabiiihed truths, compenfated by the greatnefs 
or novelty of its views. 

It can fcarcely be neceflary to juilify tbefc 
phferviitione by any recapitulation of the ey\- 
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dence of this theory. In appealing to the proof 
from induftion, we have found the phenomena 
of geology entirely at variance with its princi- 
ples. It has not been neceflary to fearch for 
minute deficiences, or fefedl a few conclufive 
arguments from a number that are doubtful or 
obfcure ; the whole feries is clear and convinc- 
ing ; the pofitions and relations of the great maf- 
fes of the globe, and the properties and appear- 
ances of individual foffils, being altogether in- 
compatible with the fuppofition of their having 
been formed by a central fire. Its flrft princi- 
ples we have found not merely in the higheft 
degree improbable, but abfurd and phyfically 
impoflible. It aflumes the exiftence of an in- 
tenfe heat in the interior parts of the earth, 
without affigning any caufe by which it could 
have been produced ; it fuppofes an exertion of 
that heat, not merely at the formation, or dur- 
ing the period of the exiftence of a world, but 
for a time abfolutely unlimited; and it advan- 
ces thefefuppofitions in exprefs contradiflion to 
the known and eftabliflied laws of the power it 
employs. Sach cbaraclers bring the Huttonian 
hypothefis under the fame ctafs vntb tliofc geo- 
logical fyftems which have preceded it, — fyftems 
which have been the meteors of their day, and 
have funk into obfcurity ; and which, to ufe the 
language of Dolomieu, will never be mentioned 
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in the hiftory of the fcience, but as pointing o\x% 
the by.paths in which thofe may wander who 
devote themfelves to the contemplation of na- 
ture. 

With this fyftem,the Neptunian theory forms 
a complete contraft. It prefumes not to cafry 
its refearches pad the commencement of the pre- 
fent world, or to extend them beyond its termi- 
nation ; it is fatisfied with endeavouring to 
trace thq caufes of the appearances which at 
prefent exift ; and the charadlers of its explana- 
tions are thefe of fair and legitimate dedudlipn. 
All the phenomer^a of geology confpire to prove 
that water has been the jgreat agent by which 
minerals have been formed, and the furface of 
the earth arranged. While the fcience remains 
in an imperfeft Hate, deficiencies mull be found 
in the application of this principle which in- 
duftion eftablifties. Such there may be in the 
Neptunian theory j and that there fliould, i^ 
even a prefumption of its truth. But we difco- 
ver no inconfiftencies with that principle, nor 
contradidions to known truths. We find in it, 
in reality, what we fhould at prefent expect in a 
juft theory of the earth : not the magnifi- 
cent pretenfions of an artificial fyftem,-^not the 
fplendid illufions created by a bold imagination, 
but a feries of indudions more or lefs perfect, 
referred tp a comixion principle, and occafional' 
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